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MR. D. HOWARD IN THE CIIAIIt. 


HEATING EEGENEUATtVE CAS-FUTlNACFf 
BY IiADTATION FllOM FLAME 


DISCUSSION. 

The Chairman commenced tho procecdin".s by re¬ 
ferring to the loss tho Society hud sustained by tho 
death of tho former Chairman of the London Section 
-Mr. Waiter Weldon, F.H.S.-to whose memory and 
labours ho paid a fitting tributo. Passing to tho sub- 
joct which was to occupy tho attention of tho mem¬ 


bers that evening, ho said they were exceedingly 
fortunate in having amongst them the distinguished 
author of the paper which was heard with so much 
pleasure at the annual meeting of the Society in July ; 
and lie hoped the result of the discussion would be to 
throw some light on tho practical application of the 
physical questions involved in the production of heat, 
which were of no little importance in these days of 
modern chemistry. He could not help thinking that 
they hardly appreciated how very much chemistry 
had to learn from the physicist—how much, in parti¬ 
cular, with regard to the question of the full develop¬ 
ment of the force stored up in coal they had yet to 
learn. To say that in these days there was nothing 
more important than real economy in fuel was a mere 
truism ; but, unless they could call in the aid of such 
men as Mr. siemens, it was dillicult to see bow the 
resources which Nature had placed at their disposal 
could be thoroughly developed. They knew the theo¬ 
retical power which ought to be obtained from lib. 
of coal, and they also knew (or perhaps a great many 
did not know) how much they fell short of this in 
practice in furnaces and boilers. There was before 
the physicist a vast field of improvement in tho 
economy of coal, which might bring about a revolu¬ 
tion quite as great as that produced by Watts’s dis¬ 
covery of the steam-engine, lie had great pleasure 
in asking Mr. Siemens to make any prefatory remarks 
ho might feel inclined to oiler; and he hoped all tho 
members had taken an opportunity of carefully study¬ 
ing the paper, and would he fully prepared to discuss 
it, and show their appreciation of tho importance of 
the problem before them. 

Mr. F. Siemens : I may comtftence by explaining 
that, when L first altered the chambers of my I urmices 
so as to work by radiant heat, I had no scientific 
motives in view; I simply wished to improve the 
manner of working and the capabilities of my factory, 
i looked at the matter with the eye of a manufacturer 
who wanted to increase and cheapen production, and 
to improve the articles produced ; to solvo scientific 
problems was no part of my intention at that time. 
That is the reason why I worked this new sys¬ 
tem in my own establishments abroad for some 
time before publishing it. After having made 
considerable progress in the development of tho 
invention at my Dresden glass works, heavy duties 
were imposed on glass entering Austria, and as 
I exported a large proportion of tho products of 
my Dresden works to that country, I was compelled 
to construct now works in order to avoid paying the 
duty. I selected Neusattcl, near Karlsbad,in Bohemia, 
ns the locality for those works, and however regret¬ 
table it might ho to me, from a manufacturer’s point 
of view, to havo to invest capital in their construc¬ 
tion, they allbrdcd me the opportunity of making 
further trials, as it is easier to design new furnaces to 
elfect a special purpose than to alter old ones. These 
works came into operation in 1878, and nlthough [ 
obtained from the new furnaces improved results 
upon those obtained at Dresden, I did not yet seo my 
way to tako out patents, owing to the cireumstnnco 
that tho conditions involved m tho now method of 
healing, ns at that time practised, could only’he ex¬ 
plained from a scientific point of view, and that 
German patents are strictly limited to features of 
construction. Moreover, I desired to make further 
trials, tuid I felt sure of keeping the secret of tho 
invention to myself, owing to the dillicnlty which 
would he experienced in discovering it from tho out¬ 
ward nppearauco of a furnace, 1 was confirmed in 
this view by the consideration that tho principles in¬ 
volved in my new furnace wore directly opposed to 
tho old notions of furnace construction and of combus¬ 
tion. But a few years later, aftor tho gradual onlargo- 
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ment of my new works at Ncusattol, and the construc¬ 
tion of additional furnaces at DresdenandDoehlen, tlio 
experience obtained enabled me to mature my inven¬ 
tion and to determine the features of construction 
essential to its success. This was about the time I 
took upon myself to carry on the work of my late 
brother, Sir William Siemens, and I determined to 
apply for patents and to publish the invention. The 
first memoir on the subject waS the paper which I 
read before the Iron and Steel Institute, at Chester. 
On that occasion I kept strictly to the practical details 
of the furnace, leaving out theoretical questions alto¬ 
gether. I explained how, in order to bring about 
radiation, the flame was conducted through the fur¬ 
nace in such a way that it does not touch any part of 
tho surface, either of the roof, sides, ports, or bottom, 
but is able to radiate heat freely in tne chamber, and 
then go. through the norts into the regenerators to 
deposit its remaining neat there by contact. In the 
first part of the operation the flame acts by radiation, 
ju the second part by contact; this, as is shown by 
innumerable publications and descriptions of furnaces j 
and systems, is'tho contrary of what has always been : 
observed ; tliero has always been a tendency to con- J 
tract furnaco chambers to the smallest possible size, 
and to bring tho flame into contact with tlic side of the j 
furnace and with tho material to be heated ; and i 
where, on rare occasions, an exception has been made [ 
on account of the material which was to be operated J 
upon not admitting, for some reason, of being touched i 
by the flame, it was always explained why such a 
divergence from ordinary practice was necessary. 
During tho discussion of my paper at Chester I 
described the theoretical part of the system, which 
has been taken up with great interest, most of the 
technical journals, and tho writers for those journals, 
approving of it, some, however, having objected to it; 
and what surprised me was, that the principal objec¬ 
tions were mado on theoretical grounds,and ignored all 
the practical results, treating my work as mere scien¬ 
tific con jecture. On the whole, 1 am not at all dissatis¬ 
fied with the opposition that has been raised against 
my new method of heating, and it was only what I 
could oxpcct, as it interferes with many well-accented 
arrangements and old-established views which will not 
bo readily given up, although it can be shown that by 
supplanting them great practical results are obtained. 
Some have objected against the system that it is not 
new, because high roofs have been in use before. To 
this it maybe answored that there is hardly anything 
now in form ; tho only question is with what inten¬ 
tion a certain arrangement has been chosen. If, as 
has been the caso, anyone says that ho has seen fur¬ 
naces with high roofs before, I can only ask him for 
wlint purposo such high roofs were adopted. There are 
various reasons which may induco a nirnnco builder 
to construct a high roof; besides, a high roof 
forms no part of my system, but it is only ono of 
tho means I employ to conduct tho flamo through the 
furnace-chamber in such a manner that only radiant 
heat comes into action there. If tho high roof has not 
been selected for that purpose, and the llamo continues 
to strike down on tho bed of tho furnace, such furnaces 
cannot bo considered as constructed according to 
my system. I am still awaiting tho production of 
any publication which shall show that lurunco-clmm- 
bers have over boon constructed in tho same manner 
and for tho samo purposo ns thoso described in my 
paper. Ilithorto nothing has been brought forwnrd 
to prove that my now method of constructing and 
working gas-furnaces has in principle bcon antici¬ 
pated, ovon in tho slightest degree, Tho scientific 
grounds on which objection has boon mado to my 
systoiu wore simply with regard to tho laws of tho 
dissociation of flame. It was maintained that it was 


utter nonsense to talk of accumulating heat in the 
way I described, because, when a certain temperature 
was arrived at, dissociation set in, and atsueii a high 
temperature no further combustion took place; so that 
however perfect the combustion might be, no advan¬ 
tage would bo gained, because a certain temperature 
could not be exceeded. I could only set against this 
argument the fact that I was always able to increaso 
the teinperature, the only limit being the heat-resist¬ 
ing power of tho material of which'the furnace was 
built ; so far I have not found any material suf¬ 
ficiently refractory to withstand tho intense heat that 
may bo obtained in tho radiation furnace; but I 
think that further experiments I am making with 
that object in view will result in the production of 
a material more suitable for furnace building than 
any hitherto used. I have found that when 
furnaces, on the other hniid, had small chambers, 
and the flamo played directly on the sides, tho 
inner walls, the arch, and the hearth, then certainly 
the heat did not riso to the same extent. This is a 
state of things which some call “ dissociation ;” but 
l attribute it to “ imperfect combustion,” brought 
about by the action of the surfaces. When the flame 
strikes in the immediate neighbourhood of tho arch 
of a furnnetf, or of any solid matcrinl, tho combus¬ 
tible gases cannot burn—they want elbow-room, as it 
were. After studying the question of dissociation, 
and tho experiments which had been made, I came to 
the conclusion that tho whole theory of dissociation 
of llamo is not yet perfectly developed, or at least 
that no system of furnaco construction can be fairly 
criticised from the dissociation point of view. I found 
that dissociation in an open space can only occur at a 
very intense temperature—so high, in fact, that wo 
cannot reach it—and consequently it need not enter 
into any of our calculations ot furnace building, 
always supposing that there is freo space for tho gas 
to burn in. On the other hand, most of tho apparent 
cases of dissociation recorded admit, to my mind, of 
another explanation. It is the indirect influence of 
tho inner surfaces of the apparatus employed which, 
in many cases, accounts for the appearance of disso¬ 
ciation. There are some experiments which prove 
this very clearly. I shall only refer to the experi¬ 
ments of eminent authorities, from which you will 
sco that dissociation is always brought about by sur¬ 
face action. Runscn established dissociation in the 
following manner :—JLo filled a tube with carbonic 
oxide and oxygen just in the right proportions to 
burn. lie ignited it by some means, and pro¬ 
duced an explosion; but ho found that only one-tbird 
of the gases took part in this explosion, and the other 
two-thirds remained unburnt. 1 fe obtained, however, 
a temperature (according to his calculation) ‘of 
2-JOO" G. Now, Runscn relates that when ho nllowed 
n certain interval to elapse, so that tho tubo might 
cool down perhaps to 1000“ C., lie could produco 
with a portion of tho remainder of the gas anothor 
explosion ; tho heat roso again, and tho limit of ex¬ 
plosion was again touched, so that no further com¬ 
bustion could take place. After cooling it n second 
timo ho produce^ a third explosion, and found that 
most of tho combustible gases .were consumed. Now, 
Runscn says—and it seems very plausible—that, at a 
temperature above 2100“ G\, tho gases do not enter 
into combustion, and that if you could raiso tho tem¬ 
perature higher by somo artificial means, dissociation 
would set in, and tho burning gases would separate. 

I would oifor anothor explanation of thoso results, 
and this I am,bound to do, to agreo with tho facts of 
combustion which I liavo proved to exist in regenera¬ 
tive furnneos worked by radiation. _ I am of opinion 
that only one-third of tho gases filling tho tubo had 
sulliciont spaco in which to bum: tho otlior two- 
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thirds were too near the circumference of tho tube; 
they adhered to the sides, or struck on tho sides, and 
consequently remained unburnt. When, however, a 
short time had elapsed, tho gases mixed again by 
diffusion ; the portion next tho sides moved 
towards tho centre of the tube, and then another 
explosion could take place. Again waiting for 
this diffusion to do its work a second time, a 
third explosion was possible. According to this 
theory, the heat had nothing to do with the 
result, but only the influence of the sides. Now, 
to prove the correctness of my inference, I would 
refer to the experiments on dissociation of some 
Russian scientists, Menschutkin and Konswalow. 
which quite confirm my views; tlioy found that if 
tho vosscls in which the experiments were made had 
roughened surfaces, or contained sand, asbestos, or 
ground glass, there was considerable dissociation. 
This just proves what I have said, that where there 
is a rough surface the combustion is more difficult, 
more sluggish, and cannot take placo so readily. I 
wonder these gentlemen call this action “dissociation,” 
as it would appear to be tho influence of surfaces 
that brought it about. To some extent this is also 
corroborated by the evidcnco of the father of the dis¬ 
sociation theory, Dcville. In his book he describes 
innumerable experiments which lie made to prove 
dissociation by heat; but ho says, at the same time, 
that he requires porous tubes. He has to employ 
material of various kinds, which he puts into the 
tubes he uses, and shows that much depends on tho 
material he employs. Besides, there is a very curious 
circumstance which goes still further to prove what 
effect surfaces have. Doville proved dissociation of 
carbonic acid by producing carbonic oxide and 
oxygen ; but lie also dissociated carbonic oxide itself, 
producing carbonic acid and carbon. Bo that two 
directly opposite effects aro .supposed to bo'produced 
by the same means—viz., by the action of heat; but 
it seems quite impossible to conceive how heat could 
at one time produce dissociation of one kind, and at 
another time of another kind ; at one time dissociate 
carbonic acid, with tho production of carbonic oxido 
and oxygen, and at another time dissociate carbonic 
oxide, and make carbonic acid and carbon. There 
are other scientific men who have experimented on 
dissociation; for instance, Victor Meyer, who dis¬ 
sociated water by dropping melted platinum into it. 
Melted platinum Las a high temperature, and he thus 
produced steam which was dissociated into oxygen 
and hydrogen. But the influence of platinum on 
hydrogen is well known ; it condenses it, even so far 
as to set fire to it. Why, then, should it not be in¬ 
strumental in bringing about dissociation 1 The same 
thing occurs, to a less degree, when steam is passed 
through a platinum tube heated from the outside. 
Meyer (who, by the way, disputes the correctness of 
Menschutkin’s results) thus obtained signs of dis¬ 
sociation ; but, of course, the heat inside the tube 
when heated in this way will not be very great, and 
the steam passing through the tube would not have 
much heat imparted to it, so that in this caso tho heat 
would bo so small, that in spite of the presence of the 
surface of platinum, he only had traces of dissociation. 
Ho also obtained- traces by passing carbonic acid 
through a platinum tubo. it must not be forgotten 
that platinum has also an influence on oxygen ; it is 
oxidised, and consequently it may be instrumental in 
bringing about this dissociation. It seems to mo that 
it must bo so, because the heat conducted to anything 
passing through a tubo which is heated from the out¬ 
side is so small in quantity and intensity as not to bo 
sufficient in itself to produce dissociation ; tho heat, in 
fact, would be of a lower temperature than any flame 
we havo. All that I havo said tends to show, there¬ 


fore, that in furnace building dissociation may bo 
left almost entirely out of consideration. It is only 
in cases where furnaces have very small chambers, so 
that the flamo comes in contact with surfaces, that 
tho appearance of dissociation might take place. I 
have given you my theory of dissociation, and brought 
it into harmony with my system of furnaces, and I 
think I am right in my view. But I do not pretend 
to bo an authority on scientific matters, and would 
rather leavo these questions to scientific authorities 
to determine the right theory. Here (referring to a 
model) is a furnace which is supposed to bo a portion 
of a boiler flue worked by radiation. Tho flamo 
passes through the boiler tube without touching it, 
and gives its heat to tho boiler by radiation. In 
returning, tho flamo has to play on the surfneo of the 
boiler, and heat it by contact. As long as the flame 
is in a state of active combustion, it should not touch 
any surface ; but, after the combustion is completed, 
contact is necessary. I have such boilers at work ; 
they do not .make a particle of smoke, and there is a. 
great saving of fuel, of tho boilers themselves, and of 
furrmco material. (Mr. Siemens then explained 
various diagrams, exhibited when his paper was read, 
showing the construction of furnaces ; and also 
showed the regenerative gas stove, which he exhibited 
and described at tho meeting of the Gas Institute in 
Juno last.) Mr. Siemens then went on to say that an 
English firo-place is a yery healthy arrangement, ns it 
gives out radiant heat only. The only drawbacks to 
it arc the smoke produced and the mess of coal, ashes, 
and soot, which ought to be done away with. Tho 
stove exhibited in action is made with the view to 
increase radiation of heat; it is supplied with a re¬ 
generative burner producing intense heat, and con¬ 
sequently it 1ms great heat radiating power. Gases 
which have passed through the combustion stago act 
in much the same way ns air, which cannot radiate 
out heat if it is ever so hot, because it is not a solid 
body. I can give you the results of some experiments 
which I have made with my brother, Dr. Werner 
Siemens, who heated air to try whothor it would 
radiate light, and it docs not, even if ever so hot. If 
any light is radiated it is simply from particles of dust 
in the air, or some other solid matter which is sus¬ 
pended in it. Theso radiate heat, and emit light 
when heated, but air itself does not do so. In 
the gas-stove exhibited, the products of combus¬ 
tion going down behind tho flame pass into a 
regenerator, which heats the air that is brought 
up for combustion. The heat or the products 
of combustion is given up by contact to tho 
regenerator, which heats the air by contact, and tho 
hot air. in combining with tho gas, produces tho 
intcnsely-hot and bright flamo which 1ms such high 
heat and light radiating power, thus tho remaining 
heat of tho products of combustion is not lost, but is 
used to increase the heat radinting power of the flame. 
This stove burns something like 1-1 cubic feet of gas 
an hour, about the consumption of two to three 
ordinary burners, and for any moderate sized room 
this would bo quito sufficient. If this stovo wero 
used it would entirelyabolish smoke,and,boing a gas- 
stove, there could bo no ashes or soot produced. 

Tho Chairman said the main practical question 
involved was how far radiant heat, or how far direct- 
acting llamo was tho more economical. On the other 
hand, there was the very interesting scientific ques¬ 
tion of tho boat—the dissociation of llamo ; both of 
which points were well worthy of very careful con¬ 
sideration. 

Professor Armstrong said ho had been greatly in¬ 
terested in hearing Mr. Siemens’s remarks on tho 
subject of dissociation, and felt vory much inclined 
to tako his sido on this question, Attention had 
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been specially called to the influence which surfaces 
had in promoting dissociation. He certainly agreed 
with Mr. Siemens in thinking that probably many of 
the results which had been obtained were not purely 
heat effects, but that the surface employed liad a 
great deal to answer for. With regard to the ex¬ 
periments referred to, in the first place, one was 
inclined now to look at this matter from a somewhat 
ditl'ercnt point of view from that taken by Bunsen, 
since the publication of Mr. II. B. Dixon’s work, 
which liad clearly shown that the combustion'of car¬ 
bonic oxide and the behaviour of carbonic oxide and 
oxygen mixtures were largely dependent on the 
amount of water vapour present; so that conclusions 
drawn from such experiments as those made by 
Bunsen were practically not of any great value. With 
regard to the Russian experiments referred to, thcro 
was also some doubt, as they had been altogether 
called in question by Victor Meyer. One would like 
to hear some discussion on the very important ques¬ 
tion raised as to the effect of incandescent solid 
matter. If lie understood Ip - . Siemens rightly, the 
whole radiant effect of a (lame was duo to the pre¬ 
sence within it of incandescent solid particles. This 
certainly was a most important point. If the efficiency 
depended, as had been maintained, on obtaining tho 
chief amount of heat-energy in tills way, then the 
point to which attention had been called was of ex¬ 
treme importance ; the method of heating described 
entirely impended on the acceptation of this theory. 
With regard to the beautiful burner exhibited, he 
could not lielji remarking that Mr. Siemens must do 
something before he introduced it into London. He 
must first help to get a better gas supply ; for, 
practically, at tho present time, they were not in a 
position to use such burners, because the Gas Com¬ 
panies supplied gas of such quality that the first thing 
it did was to close its own passage-way. Tho South 
Metropolitan Clas Company especially were, at the 
present time, engaged in trying to block up their own 
mains. They were using ordinary Newcastle coal 
alone, and the result was that the gas was highly 
charged with naphthalene, but contained nothing to 
prevent it being deposited ; and, on cold weather 
coming on, it rapidly stopped up tho main and service 
pipes. 

.Mr. Si km k ns said it was quite correct that, in 
his opinion, radiation only proceeded from the freo 
carbon in the flamo. If there was only carbonic oxide 
gas or hydrogen in the llame, there would be littlo 
radiation ; but oven these gases should be burnt in 
an open space before being brought into contact with 
surfaces to avoid loss of effect, us wlion flame acted 
directly on brickwork, combustion was very imperfect. 
Wlmt was called "dissociation” would set in; but, 
according to his views, it would bo imperfect com¬ 
bustion. To work a furnace by radiant lieut to the 
best advantage, fuel containing the largest proportion 
of hydrocarbons, or, in other words, gas from the coal 
generally met with, should bo used. 

Professor Huntington' said this subject seemed to 
divide itsolf into two questions—tho practical aspect, 
or tho heat-valuu of Mr. Siemens’s furnaco, and the 
theoretical question as to where tho maximum limit 
of heating power was to be found. With regard to 
tho theory, no did not think it was worth very much. 
Truo theory could only be tho result of perfect prac¬ 
tice ; and wlion they had tho practice porfect it was 
tiiiio to formulate a theory. At present they had not 
sufficient results to ouublo them to formulato n 
theory; they could only frame working hypotheses 
to give direction to further investigation. With re¬ 
gard to tho practical aspect of tho question, it was 
difficult to curry on any discussion at present, be¬ 
cause these furnaces, nlthough being worked on a 


very large scale, were in the hands of Mr. Frederick 
Siemens and those associated with him; and, in order 
to discuss the matter, it would be necessary that they 
should be working in different places under different 
conditions, so that they might bo compared. He 
could only say, in regard to the furnaces themselves, 
that lie saw them working about a year ago at Lan- 
dore, and was greatly struck with them. Tho first 
thing about them was their remarkable simplicity, 
which would give them a much longer life. The work 
could be carried on without stopping to make repairs. 
As far ns he could judge, the temperature obtained in 
the Landore furnaces was all that Mr. Siemens 
claimed. All furnaces were heated partly by radia¬ 
tion and partly by contact. Mr. Siemens’s furnace 
was an improvement in the direction of heating by 
radiation. With regard to dissociation, it always 
appeared to him that tho results obtained by Bunsen 
and Dcviilc wero very far from finality. If ho recol¬ 
lected rightly, they obtained the commencement of 
the dissociation for tho aqueous vapour, for carbonic 
oxide, and for carbonic acid between 1100° and 
1300° C.; but he had never yet heard that anyone 
had claimed to have ascertained the point at which 
complete dissociation took place. They had it on tho 
authority of Dcville that, when hydrogen was burnt 
in an equal volume of oxygen, he obtained 2")00° C. 
under tlic conditions of the experiment; but this, so 
far ns he (Professor Huntington) was aware, was tho 
only statement on tlic point. No one had given any¬ 
thing conclusive to show the point at which tho 
whole of the gases would undergo dissociation. . In 
fnct, Devillc hud pointed out that the tension of dis¬ 
sociation was to bo defined on parallel lines with 
vapour tension, and that just as water would bo con¬ 
verted into vapour at ordinary temperatures, so gases 
would undergo dissociation at a point very much 
bolow the temperature which would bo obtained by 
tho combustion of the constituents. It was evident, 
therefore, that the subject was quito an open one. 

Professor AitMSTito.NO said it was very interesting, 
in connection with this subject, to recollect that it 
had been shown that at a temperuturo not far below 
2000° G’., carbon dioxide did not undergo any change, 
whereas carbon monoxide decomposed to an appreci¬ 
able extent, and water also was decomposed below 
this temperature.* 

Dr. Sqiimu said Mr. Siemens had called attention 
to the fact that tho surface in a tube over which 
gases wero passing favoured dissociation. He would 
remind him that surfneo in the same way favoured 
combustion. It was very well known that certain 
substances (such as oxide of iron, clay, and some 
others) would promoto tho combustion of particu¬ 
lar gases; so that thcro was at tho same timo a cause 
which would produce dissociation and also combus¬ 
tion. With regard to the temperature, lor example, 
at which oxygen and hydrogen were dissociated, one 
could hardly expect to fix this, because, in a great 
many eases, the presenco of the gas affected the de¬ 
composition of tho material. Ho liad himself found 
that it was perfectly impossible to saturato ordinary 
air with sulphur ; as tho two could not bo mado to 
combine. A certain percentage of sulphurous acid 
could bo arrived at: but one could not get any 
further, howovor high tho temperature was raised. 
But tho presonco of other gases very much affected 
the tendency to combine, or tho decomposition of the 


■ Xolc added durinu revision by Dr. Jvmatrony.—l find tlmt 
I overstated tho temperature, which was only about 17001 It 
is notoworlhv, howovor, that, whereas, according to Moyer 
anil I,anger, carbon dioxide pusses unchanged through a 
platinum lube at this temperature, Jleyer and Zlibllu have 
continued Dovlllo’a observation that It Is decomposed to an 
approclublo extent at 1300’when passed through a porcelain 
tubo llllcd with fragments of porcelain. 
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substance in question. If gases acted more or less as 
vacua to one another, then also the products of de¬ 
composition, as well of decomposition going on, would 
materially affect the temperature of dissociation. One 
obtained a certain result, and could not go any further 
at this temperature. If the temperature went a 
little higher, there was a sort of partial'decomposi- 
tion. He would suggest to Mr. Siemens whether it 
was absolutely certain that his theory of the cllect of 
contact was absolutely proved under these circum¬ 
stances. 

Mr. E. Dowso.\ said the question of heating boilers 
in this way by gas was very interesting, and the 
chief point appeared to bo that the (lame should not 
bo allowed to come in contact with the boiler-plates, 
because this lowered the temperature by reason of 
the contained water; and they were told that this 
imperfect combustion and consequent loss of heat 
might bo avoided by not letting the llaine come in 
contact with the plates, and by using only the 
radiating power of the liamo and the conducting 
power of the products of combustion. In principle 
this was doubtless correct; and the more nearly it 
could be followed in practice, the less loss of heat 
would there be, and the less nuisance from smoke. 
At the samo time it must be remembered that the 
exigencies of construction and space required the 
greatest heat to be produced with a minimum surface 
exposed ; and ho had some fear that such a system as 
this could hardly bo applied with advantage where 
such a concentration ot heat effect was necessary. 
At any rate, ho should be glad to hear Mr. Siemens’s 
views on this point. Where a boiler was heated by 
gas drawn from a producer, there was no incandescent 
mass of fuel, but only the llame and the products of 
combustion to heat tho boiler with ; and it \tas, 
therefore, no doubt of tho greatest importance that 
the best possible treatment of tho llame should bo 
correctly understood. They had to seek not only a 
llame ol high radiating power, but also one capable 
of giving up its heat by conduction rather than by 
radiation. With this point in view, ho would ask 
Mr. Siemens if lie would kindly state whether ho had 
obtained any economic advantages by applying his 
system to a boiler of ordinary construction. It would 
bo extremely valuable if he had data derived from 
experiments on ono boiler with the three systems,of 
firing to which lie had referred—(1) heating with 
solid fuel, (2) heating with gaseous fuel with contact, 
and (3) heating with gaseous fuel without contact. 

Mr. Siemens snid so many questions had been 
asked that he could hardly answer each separately. 
He could only say that for tho last ten years he had 
used no other fuel than gas, and that tho results 
obtained by tho new method of heating are to be 
compared with those formerly obtained by the old 
method of heating by gas. There was always a great 
advantage in using gas as fuel if it were well managed ; 
there was not only the saving in fuel, but also a very 
great saving in labour. There was also great economy 
in tho wear and tear of furnaces and material of all 
kinds, but if they worked with gas they required to 
uso it constantly. If it was employed in tho day¬ 
time and not at night, thero would be a loss, but if 
there was application for the gas both during day and 
night, it was very economical, lie only used radiant 
heat as long as the flame radiated out heat; as soon 
ns tho visible flame ceased lie brought tho gases into 
contact with the surfaces ho wanted to heat, for 
when combustion ceased, then the gases might bo 
brought into contact with anything as thoy had no 
injurous cllect. It was only tho activo liamo which 
injured surfaces, not by its heat, but by tho excessively 
rapid motion of tho gases. Surfaces upon which a 
flame played wero always roughened, and ho took 


this to prove the destructive action of tho flamo 
which no material could stand for any length of 
time. In attempting to use an active flame, and 
to abstract tho heat by contact, a double injury 
was inflicted; the heat that might otherwise be 
produced was lowered, and the material with which 
the flame was brought into contact was destroyed, 
besides smoke being produced. In using a flamo 
which had little or no radiating power in it there 
was the same need for a combustion chamber, for 
the llame should not be allowed to play at onco 
against surfaces or brickwork, as then there would 
be imperfect combustion. It was the surface itself, 
not alone its cooling influence, which was injurious 
to the flame. In heating a boiler it was still necessary, 
even if they had fuel which did not radiate heat, to 
provide a combustion chamber. 

Mr. Fletcher said there coidd be no doubt about 
the efficacy of tho radiant heat produced from com¬ 
bustion ; for all furnaces were, as a rule, heated 
entirely by radiant heat. He thought, therefore, 
they would all support Mr. Siemens’s view that it 
was rndient heat after all, which was employed 
generally when a very high temperature was required. 
It was chiefly where a low heat was required (such 
as in a boiler) that the heat of conduction was 
mainly used. If Mr. Siemens had made experiments 
on any particular fuels, and could tell the meeting 
the difference between the heating power of fuel 
used where the bottom heat only was employed, 
and whore it was so burnt os to develop more 
particularly the radiant heat, and could give them 
some figures showing the amount of wnter evaporated 
ici lib. of coal burnt under the two systems, it would, 
ic thought, be very valuable. 

Mr. Siemens said lie had not paid very much 
attention to the subject of boilers, and could not 
give any figures, lie had fired his boilers on the 
new system because lie was convinced that it would 
be a great advantage, and found it was so, for ho 
used from 20 to 30 per cent, less fuel to do tho samo 
work as before ; and the boilers worked more regu¬ 
larly, had a longer life, and required much less atten¬ 
tion. With regard to heating by radiation in chemical 
furnaces lie had already stated that thero were cases 
were radiant heat was used for somo particular 
purposes; but it had been explained in these cases 
why it was so used, and even then, such furnaces did 
not work fully by radiation ns he had explained it. 
In the way furnaces were generally constructed tho 
llame struck against anything, and this was just 
what should be avoided. 

Mr. M act ear said it occurred to him that thero 
was one furnace especially in which the principle of 
radiation was carried out very fully—viz., the old- 
fashioned regains furnace which existed on the Tyne 
as far back ns 1822. In this furnneo tho space above 
tho main part to bo heated was very high, but tho 
bridge also was very high, and lmd u narrow slit, and 
tho llame enme over. J’eing a very small body of 
llame compared with the mass of the furnace, it 
floated about almost like a cloud. Thero wns very 
little draught in tho furnace, and the heating was 
practically all douo by radiation from tho flnmd. 
Air. Siemens seemed to liavo taken this principle, 
and expanded it enormously; and thoro was no 
i doubt tho results ho had obtained wero of very 
I great importance, lie (Mr. Mactear) thought, how¬ 
ever, that a good deal of this wns duo to ono fact 
which had not been touched upon, and that was that 
for a given consumption of fuel ho had enormously 
increased tho sizo of tho combustion chamber. 
Consequently, tho speed of tho passage of tho 
gasos through this chnmbor was much rotnrdcd, 
and a longer lime given for tho combustion of tho 
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gns in the chamber itself. This seemed to him a 
very important matter, which tended much to the 
success of the system. With regard to Bunsen’s 
experiments on dissociation, if the question depended, 
as Mr. Siemens thought (and probably with reason), 
on the cll’ect of surfaces, and if the combustion of a 
gns ceased at a certain point, owing to the amount of 
surface exposed, it would seem a comparatively easy 
matter to repeat the experiments with tubes of dif¬ 
ferent diameters, and see whether the amount of dis¬ 
sociation differed. This would probably show the 
effect of surface contact. 

Mr. Siemens said Mr. Mactcar spoke in the same 
way as Mr. Dcvillc had done. Ho obtained dissociation, 
but he wanted all kinds of surfaces to bring it about; 
and as long as surfaces were wanted there was no 
saying what influence they had. With regard to tho 
heating of boilers, he did not think the production 
of steam would be less with radiant heat, but rather 
more ; but if the flame struck against the sides or 
other surfaces a considerable amount of heat would 
be lost, because they would get covered with soot, 
which the heat could not penetrate. Radiant heat, 
especially with a large body of ilame, had always a 
very powerful effect, because flame radiated heat 
from the inside as well as from the outside, not like 
a solid body, which only radiated from its surface. 
The slowness with which the flame passed through 
the furnace chamber had a very beneficial effect, as 
Mr. Mactcar had stated, as it allowed the radiant 
heat more time to act, whilst as regards the heating 
by contact which took place afterwards, this should 
bo more effective than in an ordinary solid fuel fur 1 
nace, on account of tho higher initial temperature of 
the flame. 

Mr. Dowso.v said lie thought Mr. Siemens had 
somewhat modified his original proposition. It now 
appeared to bo that the extra spnee given in the new 
type of radiation furnace over the space required on 
the old type of funinco was only necessary until such 
time as the combustion of the gas should bo com¬ 
plete. 

Mr. Siemens said that the combustion of tho flame 
should be completed within the heating chamber of 
the furnace; tho resulting hot gases should then bo 
passed into tho regenerators where they would givo 
up their remaining heat by contact. In the combus¬ 
tion chamber the flame worked by radiation only ; 
by the heating chamber ho meant tho combustion 
chamber in the case of a furnace, and by tho flamo- 
flufl is meant tho combustion chamber of a boilor. 

—oe*w$*m*— 

NOTES ON TJIE CHEMISTRY. OF SOAR 

I1V O. It. ALDER WEIGHT, D.SU., F.K.S., LECTURE!. ON 

chemistry; and c. Thompson, i-.c.s., demon¬ 
strator OP CHEMISTRY IN ST. MAItv'.S HOSPITAL 

MEDICAL SCHOOL. 

It 1ms long been known that when common salt is 
added to a hotnquoous solution of potassium stearnto 
or oleatc, or of both salts mixed, together with larger 
or smaller quantities of analogous potash salts (such 
ns tho products of saponification of tallow, etc.), 
double decomposition tukes place, resulting in the 
formation of potassium chlorida and the soda soap 
corresponding with the potash soap originally em¬ 
ployed; and further, that when uoutral potassium or 
sodium stearate is treated with largo masses of water 
it is partially broken up or hi/drolgscd, forming caus¬ 
tic alkali and an acid stearate, a similar behaviour 
being also noticeable iu tho case of analogous salts 
or soaps containing other fatty acids—/■.</., palmitic. 
Wo have recently had occasion to study somewhat iu 
detail thcEO and other allied phonomonu, and hnvo 


obtained results some of which it may be of interest 
to put upon record. 

I .—On the Relative. Affinities shown hi/ Alkalis for 
certain Inorganic and Organic Acids in presence of 
each other. 

The reaction of sodium chloride upon potassium 
stearate (or other analogous salt) above referred to has 
long been utilised for the purpose of obtaining hard 
soda soaps from soft potash soaps, in localities where 
therelativecostof potashandsodaassaponifyingagents 
has made it more convenient to employ tho former 
alkali to react on the fatty matters used. It is usually 
regarded as an example of a general rule obtaining in 
such cases, and also employed in the calculation of 
analyses of mixed saline matters (such as the salts 
dissolved in a mineral water), which rule may be thus 
stated : When no interfering causes (such as relative 
insolubility) nro at work, the stronger alkali is asso¬ 
ciated with the stronger acid, the order of alkaline 
strength being (1) potash, (2) soda, (3) ammonia. In 
the case of common salt and a potash soap, tho 
stronger acid hydrochloric acid (which may De re¬ 
garded as contained in the salt solution) in accordance 
with this rule tends to associate itself with the 
stronger base potash, whilst the weaker alkali soda 
combines with the feebler fatty acids of tho soap. 
Similarlywheu nitrate of soda and carbonate of potash 
are brought together, nitrate of potash and carbonate 
of. soda result, the stronger acid nitric acid com¬ 
bining by preference with the potash ; this reaction 
has long been utilised ns a means of producing salt¬ 
petre from nitrate of soda. The result of our experi¬ 
ments, however, is to show that this rule does not 
express the whole truth quite correctly. Wc find 
that when two alkalis and two acids arc simultane¬ 
ously present, there is a partitioning of each pair, 
giving rise to four distinct salts, the relativo quanti¬ 
ties of which depend to some extent upon extraneous 
circumstances, and are largely influenced by tho 
relative masses of the two alkalis on the one hand, 
and of the two acids on tho other. In certain cases, 
when potash ami soda nre the alkalis, the salts 
formed by the combination of potash with the stronger 
acid and soda with tho weaker one, very greatly exceed 
in amount the other two salts formed by the combina¬ 
tion of potnsli with the weaker acid and of soda with 
the stronger one ; but by varying tho conditions, and 
moro especially the relative masses, those relationships 
may bo greatly modified, nnd oven inverted. For 
instance, sodium chloride nnd potassium stearate, 
when intermixed in such proportions relatively to tho 
water present that the soans formed nro thrown 
wholly out of solution in the Wine, will givo rise to a 
mixture of potassium and sodium stearates us insol¬ 
uble curd and of potassium and sodium chlorides in 
tho brine, of which salts tho second and third con¬ 
tain respectively the majority of tho stearic acid niul 
of tho potash. But, on the other, hand, if potassium 
chloride and sodium stearato be similarly intermixed 
insuitnblo proportions, tho son]) thrown out of solution 
will contain tho majority of the stearic acid combined 
with potash instead of soda, and tho majority of tho 
soda will bo found as chlorido in tho aqueous brine 
instead of in the soap, tho ndtion indicated by tho 
rule of " strongor acid and stronger base" being thus 
apparently inverted.* 


• la connection with tlio proportions in which tho acids 
mid bases of tho two admixed salts will partition thorn- 
selves so ns to form four Balts, it may bo noticed that tho 
reaction of polasslnm cnrboiiuto upon sodium nitrnto really 
Klvcs rise lo four salts, and not lo two only, tho nltrlo and 
carbonic acids hclmr both divided between tho potash and 
soda respectively. That Ibis Is so la evident from tho clr- 
cmnstaneu that if sodium nltruto and potassium carbonnto 
iu eiiiilvulunt proportions bo mixed, dissolved in water mid 
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In the same kind of way, if caustic potasli and 
caustic soda be mixed and brought into contact with 
n fatty acid, tho latter being in quantity insuffi¬ 
cient to neutralise the total alkali present, the rule 
of “stronger base and stronger acid” would suggest 
that potash soap would be formed to the exclusion 
of soda soap, were enough potash present to saturate 
tho fatty acid. In point of fact, however, tho pro¬ 
duct of the action is a mixturo of potash and soda 
soaps, with excess of caustic potash mixed with 
caustic soda, where the ratio between potash and 
soda in the combined condition is sensibly the same 
as that of the uncombined alkalis, and consequently 
the same as that of the alkalis originally employed; 
so that in such a case the affinities of the two alkalis 
arc sensibly equal. It is remarkable that practically 
the same result is obtained with most of the ordin¬ 
arily occurring fatty acids, tho nature of the acid not 
materially influencing the result. Thus the follow¬ 
ing numbers were obtained in a series of experiments 
with pure stearic acid ; pure oleic acid; a mixture of 
stearic and oleic acids, etc., obtained by decomposing 
a tallow soap with hydrochloric acid; a similar mix¬ 
ture of nearly equal amounts of stearic, palmitic, and 
oleic acids, obtained from a palm-oil tallowsoap; and 
the crude lauric acid (mixed with lower and higher 
homologues) similarly obtained from a cocoa-nut oil 
soap. In each instance the quantities of materials 
used were, for a given amount of fatty acids, exactly 
the neutralising amount of caustic potash together 
with the equivalent amount of caustic soda, so that 
two equivalents of total alkali were present to one of 
fatty acid. Tho alkaline leys being weighed out. 
the weighed quantities of fatty acids were added, and 
tho whole heated to near 100° in a water bath, 
without stirring, until the fatty acids were melted, 
forming a supernatant layer. The wliolo was then 
briskly agitated for somo time, and finally left at rest 
(after concentration by boiling down in tho case of 
the cocoa-nut acids), the amount of water present 
being such that the resulting soaps were wholly 
insoluble in the alkaline ley; it sufficed to draw oil 
and analyse a portion of the fluid, to obtain tho data 
for calculating what fractions of the alkalis used 
were respectively converted into soap and left un- 
combinca. 


as is equivalent to the soda present, or if a potash 
soap be similarly treated with tlio equivalent quantity 
of caustic soda, tho final product should bo tho same in 
cnch case—viz., a soap containing half tho fatty acids 
combined with one alkali and half with the other, 
and an alkaline ley containing equivalent amounts of 
potash and soda. In point of fact, a close approxi¬ 
mation to this result is actually attained in practice. 
Owing to the mechanical difficulty of obtaining 
thorough incorporation in experiments with small 
quantities made in the laboratory, the amounts of 

r iotnsh displaced by soda, or vice, versa , usually fell a 
ittlo below CO per cent., but approached sufficiently 
near to that figure to indicate tlmt it would have been 
arrived at with more complete means of admixture. 
Thus the following numbers were obtained with tho 
tallow-soap acids above referred to, (a) when exactly 
neutralised with potash, and then stirred well with 
the equivalent amount of caustic soda solution ; (b) 
when exactly neutralised with soda and then stirred 
with tho equivalent amount of caustic potash solu¬ 
tion— 

(ft) Percentage of Potash Soup I (5) Percentage of Soda Soap 
converted into Soda Soap converted into Potash Soap 
48*8 | 40*0 

Similar results were obtained with other fatty acids. 

Most rcmarkably-diffcrent results were obtained in 
a parallel series of observations in which tho carbon¬ 
ates of. potash and soda wero used instead of the 
hydroxides respectively. In tlieso experiments vari¬ 
ous fatty acids were exactly neutralised either by 
caustic potash or soda, ns the case might be, and were 
then well intermixed with aqueous solutions of tho 
carbonate of tho other alkali. Finally the mass was 
dried on tho water-bath nnd treated with strong 
(nearly anhydrous) alcohol, which dissolved out the 
soaps and left behind the alkaline carbonates, tho 
reaction invariably giving rise to four products—viz., 
potash soap, soda soap, potassium enrbonate, nnd 
sodium carbonate, but in rclativo proportions widely 
differing from those observed with the hydroxides— 
the amount of potash contained in the mass ns soap 
being to the soda similarly contained in fur greater 
proportion tlmn tlmt of the total masses of potash 
and soda present ns carbonates ; in fact, when 
quantities of potassium carbonate were intermixed 


Fatty Acid EiirLOYKD. 

PEIlCENTAOK OK TOTAL FATTY ACID CONVERTED 

Into Botin Suop. 

Into l’ota*h Soap. 

1’uro Stcnrlc Acid. 

61*2 

18*8 

I’uro Oloic Acid. 

50*8 

19*2 

Crude Stcuric and Oleic Acids (tullow). 

51*5 

48*5 

Crudo Stearic Palmitic and Oleic Acids (palm oil and tullow) 

18*2 

51*8 

Crude Laurie Add (cocoa-nut oil) . 

41)7 

50*3 


Mean .. 50*3 

107 


Thoso figures clearly show tlmt for all practical 
imposes tho potash and soda existed in every case 
alf ns soa]t and half as uncombincd hydroxide in the 
mixed mass resulting front the mechanical incorpora¬ 
tion of molten fatty acid and two equivalents of 
caustic alkali, half as potash and half as soda. 

It should banco result that if a soda soap be fused 
and then well intermixed with as much caustic potash 


uvnporutcil to dryness, tlio solid residue is always hygro¬ 
scopic, or oven deliquescent, Indicating die presence of mure 
or loss unchanged potassium eurhonulo. Similar results aro 
observed with chloride instead of nitrate. 


with soda soaps in proportions not exceeding tho 
amounts equivalent to tne soda in the soaps, by fnr 
the majority of tlio potash passed into combination 
with the fatty acids, equivalent quantities of sodium 
carbonate being formed ; whilst on intermixing 
sodium carbonate with potash soups, even in quanti¬ 
ties largely in excess of tho amounts equivalent to 
tho potash present, only a comparatively small 
percentage of fntty acids beenmo combined with the 
soda, forming nn equivalent amount of potassium 
carbouutc. Thus the following table exhibits side by 
side some of tlio numbers obtained, (r<)on intermixing 
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soda soaps with carbonate of potash, (6) on inter- I 
mixing potash soaps made from the same fatty acids 
with carbonate of soda. The fatty acids employed 
were the snine mixtures of stcaric and oleic, of stearic 
palmitic and oleic, and of lauric and homologous 
acids described iidovo, together with the crude 
ricinoleic acid obtained by saponifying refined castor 
oil with caustic soda and decomposing with an acid— 


proportions. A known quantity of fatty acids was 
divided into halves, ana each half converted into 
neutral soap by addition of caustic potash to the one 
and caustic soda to the other. The two soaps were 
then mixed and dissolved in hot water .(ISO molecules 
H.,0 to 1 molecule of mixed soap—t.e., to i mole¬ 
cule of potash soap + i molecule soda soap), and 
treated at a temperature not far from 100’ C. with a 


Fatty Acids employed. 

(a) Soda Soaps fused with K ? CO a . Vcrccutttgo 
of total Fatty Acids present. 

(fc) Potash Suitps fused with >’n 3 CO.j. Perccnta^o 
of total Fatty Acids present. 

Kiiuivnknt to tho 
K 2 C0 j added. 

Actually converted 
into l’otash Soap. 

Kuuivalotit to the 
I^a a COj added. 

Actually converted 
into Sodu Soap. 

Stearic nml Oleic (tallow). 

10-1 

8-0 

- 

- 

Ditto . 

457 

31-1 

- 

- 

Ditto . 

100-0 

07-05 

100-0 

1-3 

Ditto . 

101-2 

OO'O 

10000 

150 

Stcario Palmitic and Oleic )• 
(pulm oil nml tallow). f 

57-2 

52'I 

- 


Ditto . 

108-0 

00-8 

177-0 

9-5 

Criulo Laurie Acid (cocoa- [ 
nut oil) .1 

52-8 

4C-1 

- 

- 

Ditto . 

It 1-8 

87-9 

lOT'O 

6-2 

Crudo lticlnololc Acid \ 

(castor oil) . f 

500 

48-1 

- 

- 

Ditto . 

lOU'O 

D3'8 

203-0 

8-2 


These observations throw some light on tho effect 
well known to be produced on the texture and grain 
of certain kinds of soda soaps when melted and 
stirred with pcarlash solution. Tho hard soda soap 
is partially converted into soft potash soap, thus 
modifying tho texturo, whilst the carbonate of soda 
formod as complementary product exerts a “closing 
up” or hardening action on the mass, avoiding tho 
pastiness and softness that might possibly be caused 
by tho presenco of tho potash soap when produced in 
any quantity. It is, however, to bo remarked that 
inasmuch as no neutralisation of the extra alkaline 
matter thus added takes placo, soaps thus subjected 
to “ pearlushing ” must necessarily contain “ free 
alkali ” to an extent proportionate to the amount of 
pearlash added, and hence may readily bo rondered 
most objectionably alkaline and deleterious to sensi¬ 
tive skins when this process is adopted. Quantities 
of freo alkali, equivalent to 10 or 12 per cent, of that 
present combined ns soap, aro not infrequently met 
with in “penrlashed” soaps, an amount entirely in¬ 
consistent with high quality from tho point of view 
of suitability for application to tender skins.— Vide 
Section III. 

It is thus evident that when fatty acids and carbonic 
ucid on tho ono hand,and potash and soda on tho other, 
aro simultaneously present, tho prevailing tendency is 
towards tho formation of potash soap and carbouato 
of soda. Quite the opposite result is brought about 
if chlorides bo substituted for carbonates, tho prevail¬ 
ing tendency now being towards tho formation of 
soda soap and potassium chloride; at least these salts 
uro formed in proforonco to potash soap and sodium 
chloride whon tho relative masses of the two alkalis 
are nearly equal, although by modifying tho relative 
masses tho latter pair of salts can bo miido to bo 
genoratod in proforenco to tho formor pair. Thus 
tho following ligures wore obtained in a series of 
experiments carried out in such a way that tho total 
potassium and sodium present wore in equivalent 


mixture of equivalent weights of potassium and 
sodium chlorides.(20 molecules mixed chlorides, or 
lOKCl + loNaCl) in tho state of powder, poured in 
with continuous agitation kept up for some minutes. 
Tho curds that separated were collected after com¬ 
plete cooling (tho proportion of water and saline 
matter being such that no soap then remained 
dissolved) and well pressed in calico, and finally were 
dried in tho water-bath and boiled with strong 
alcohol. Smnll quantities of chlorides were thus 
taken into solution as well as the soaps, but as tho 
chlorine thus present only represented an amount of 
alkali equivalent to from 2 to S per cent, of that 
equivalent to tho fatty acid dissolved as soap, tho 
orror thus introduced was not sufficiently great to 
nli’cet the general result, which was uniformly this, 
that betwcon lA and G molecules of soda soap were 
contained in the alcoholic solution for 1 of potash 
soap. Thus with various of tho fatty acids and 
admixtures thereof abovo described the figures given 
in tho first tablo on page G28 were obtained, exhi¬ 
biting considerable variation with the nature of tho 
fatty acid, but always such as to indicate formation 
of soda soap to a notably greater extent than of 
potash soap. 

In other series of experiments the quantity of sodium 
present was increased relatively to tho potassium, 
under which circumstances, ns might be oxpectcd, still 
larger proportions of soda soap wore formed. On tho 
other hand, increasing tho amount of potassium 
present relatively to tho sodium, decreased the amount 
of soda soap ami increased that of potash soap until 
tho latter predominated. Thus tho figures given in 
tho second tablo on page 028 were obtained in soino 
experiments in which (a) potash soaps dissolved in 
M molecules of water were snlted out by adding N 
molecules of sodium chlorido for l molecule of soap ; 
(6) soda soaps dissolved in M molecules of water 
were salted out by adding N molecules of 'potassium 
chlorido for 1 molecule of scap. 
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Itisthuseviclcntthftt in the (6) scries of experiments : the one and the equivalent quantity of sodium cldo- 
thc soap thrown out of solution was essentially potash '■ ride in the other, a perceptibly larger proportion of 
soap*—a conclusion borne out by its consistency, fatty acids become? converted into soda soap than 
It is noticeable, on comparing the figures in the («) does into potash soap, indicating a greater tendency 
and (b) columns for each kind of fatty acid, that tho : for potash to remain as chloride than for soda. Thus 
tendency to convert potash soap into potassium ; the numbers given on page 020 were obtained in four 


• Fattv Acid used. 

Percentage or Fatty Acid contained 


Aa Potash Sonp. 

As Soda Soap. 

Soup to Putuah Sonp. 

Pnro Oleic Acid. 

3S0 

C2-0 

l’C3 to 1 

Crude Uicinolctc Acid (from castor oil) . 

17-S 

82’2 

l'C lot 

Stearic, Oloic, and ttesln Acids, mixed (prfmroso sonp).. 

17*2 

E2-8 

1-8 tot 

Crudo l.aurlc Acid (from cocoa-nut-oil soap) . 

15*1 

85*9 

«V7 to 1 


chloride and soda soap by the action of sodium 
chloride, is arteris paribus, distinctly more marked 
than the tendency to convert soda soap into sodium 
chloride and potash soap by the action of potassium 
chloride, precisely as might be inferred from the 
above experiments with equal molecules of potash 
and .soda compounds. 

A number of experiments were also made on the 
mutual reactions of ammonium chloride upon potash 
and soda soaps, and of potassium and sodium chlo¬ 
rides upon ammonia soaps. In accordance with the 
rule of “ stronger acid and stronger base,” it might 
be anticipated that on adding ammonium chloride to 
a potash or soda soap the chlorine will combine with 
the lixed alkali metal, an ammonia soap being the 


scries of observations, tho numbers in the four last 
columns respectively indicating the percentages of 
total fatty acids employed as soaps converted— 

(a) From the condition of ammonia soap to that 
of soda soap by salting out with sodium 
chloride; 

(h) From the condition of ammonia soap to that 
of potash soap by salting out with potas¬ 
sium chloride ; „ 

(c) From tho condition of soda soap to that of 

ammonia soap by salting out with ammo¬ 
nium chlorido; 

(d) From tile condition of potash soap tothatof 

ammonia soap by salting out with ammo¬ 
nium chloride. 


Fattv Acid used 

51 

1 

(ir) Potash Soaps inltccl out 
with NaC’l. Percentage of 
Fatty Acid In Curd. 

(M Soda Soaps salted out 
with KLU. Percentage of 

Fatty Acid in Curd. 

Ab Potash Sonp. 

As Soda Soap. 



Stearic and Oleic Acids (tulloW . 

100 

6 

10-5 

SDfi 

791 

20-9 

Ditto 

200 

20 

5-1 

01*9 

8lf’l 

17 0 

Stonrlc Palmitic and Olclo Acids (palm oil > 
und tallow) .)' 

200 

20 

3-8 

90-2 

DO’S 

1-2 

Crudo Laurie Acid (cocoa-nut oil) .. 

200 

20 

5*1 

91-0 

71-8 

25-2 


complementary product; tho experiments just des¬ 
cribed, however, would suggest that under certain 
conditions this action might bo inverted, so that on 
adding potassium or sodium chloride to an ammonia 
soap more or less potash or soda soap might bo formed, 
together with tho equivalent amount of ammonium 
chloride. In point of fact this is the case; whilst 
almost complete displacement of fixed alkali from 
combination with fatty acid ensues when a potash or 
soda soap is dissolved in 200 molecules of water, and 
after cooling well stirred with twenty molecules of 
ammonium chloride ; tho opposite oil'cct is produced 
when twenty molecules of potassium (or sodium) 
chlorido is similarly stirred into a cold solution of an 
ammonia soap in 200 moleculesof water,the majority 
of the fatty acids becoming transformed into potash 
(or soda) soap, and a corresponding amount of ammo¬ 
nium chloride being formed. It is remarkable in this 
connection, moreover, that in two experiments, alike 
in all respectssavo that potassium chloride is used in 

' This conversion of soda soup Into poliiHli soup by suiting 
out with imtusslum chlorido «1ouh not appear lo have licen 
lillhurto noticed; ul least wo Diuvu boon unable lo dud any 
printed record of I lie observuti on amonKHlllio voluminous lito- 
future rotating to soap Unit lmncomo under our Inspection. 


The ammonia soaps used for series (a) and (b) 
were prepared by just fusing the fatty acids and thou 
well incorporating moderately concentrated ammonia 
solution in quantity slightly.in excess of tho amount 
equivalent to tho fatty acids, and finally dissolving in 
water so as to obtain nearly clear solutions; those 
obtained in series (c) mid (d) invariably decomposed 
spontaneously during preparation, giving oil’ more or 
less free ammonia mid forming acid ammonia,soaps. 

On tho wliolo, all tho experiments tend to show 
that when u soap and a neutral salt contain¬ 
ing an alkali diilbrcnt from that in tho soap arc 
brought together, four salts uro formed in relative 
proportions, largely governed by the relative masses 
of the two alkalis and the two acids ; but there is 
always a more or less marked tendency for tho 
stronger hose and stronger acid to associate them¬ 
selves togothor in proportions greater than those 
dcduciblo from their actual masses relatively to tho 
weaker base and weaker acid. When tbo salt is car¬ 
bonate, sinco carbonic acid is a wenker acid than tho 
fatty acids of soap, tho prevailing tondoncy is (when 
tho alkalis are potash and soda) to form potash soap 
and sodium carbonate; and when the salt is chloride, 
































Nov. 30.1885.1 THE JOURNAL OF THE SOCIETY OF CHEMICAL INDUSTRY. 629 


since hydrochloric acid is a stronger acid than the | results were obtained in various analogous oxperi- 
fatty acids of soap, the prevailing tendency is to form j ments with mixtures of acids. On the whole, it 
potassium chloride ancl soda soap. But these ten- I appears that the diacid ammonia salts of the satu- 



Ammonia Soap salted out with— 

Ammonium Chloride added to— 

Fatty Acid used. 

faj 

fbl 

(c) 

(A) 


XuCl 

KC1 

Hodu Sou]). 

Potash Soup. 

Stearic and OlcicAclds (tallow) 

Dl-3 

71'8 

oo-o 

09*5 

Ditto (nnothcr specimen). 

— 

707 

— 

99*3 

Stcnric, Palmitic, & Oleic Acids 
(palm-oil anil tallow) .. 

90*3 

GIG 

110*5 

997 

CrudcLaurlcAcid(cocoa-nutoll) 

SG*0 

a 

99*5 

ttl’5 

Crudclllclnolelcacld(cuBtor-oil) 

GG'O 

« 

99*7 

99*5 

It is noticeable, on comparing the figures in tho (a) nnd (b) columns, that the tendency of soda 
to puss from tho state of chloride to Unit of soun is, cater in varibus, tnoro strongly inarkeu than 
tho similar tendency in tho enso of potnah, precisely as might be anticipated from the protlous 
results. 


* Tho potash soaps of cocoa-nut und castor-oils formed could not bo separated from tho brines so ns 
to permit of analysis. 


dencies can be very largely overcome by the action of 
mass, especially with chlorides. 

On the other hand, when only fatty acids are pre¬ 
sent, and no mineral acid or carbonate, there docs not 
appear to be any marked tendency' for cither potash 
or soda to combino with tho acid by preference. 


I’crccntuKc of Nil, calculated us dry 
substance. 



Stcnric. 

Lauric. 

Oleic. 

Ricinolcic. 

Freshly-prepared, still 
moist . 

005 

8*30 

0-00 

5*75 

After 2 weeks. 

5*00 

507 

— 

— 

13 . 

3*02 

1*0G 

2*52 

2-07 

•• 20 ,i .......... 

2*30 

1-02 

0*87 

0*IG 

Calculated for Nir,,lIX 

5*05 

8*02 

5-09 

5-51 

„ N1[,,211X 

2*91 

1*18 

2-93 

2-85 


In connection with tho spontaneous decomposition 
of ammonia soaps, tho following observations may' be 
of interest:—A number of ammonia soaps was pre¬ 
pared by thoroughly intermixing fatty acids just 
fused with excess of moderately’ strong ammonia 
water, tho whole being then dried over sulphuric acid 
for some months; the mass was pulverised and 
stirred up occasionally when sufficiently dry', samples 
being drawn from time to timo and submitted to 
analysis. In all instances it was found that a rapid 
loss of ammonia took place during the first lew 
weeks, until tho composition approached that of a 
diacid salt, NlI ;1 ,2lIX (where JIX represents tho 
acid), after which tho rate of loss beedino much 
slower. Tho temperature during the period of stand¬ 
ing over sulphuric acid was rarely ns high us I8 U C., 
tho substances boing kept in an unwnrmcd room dur¬ 
ing winter and spring: on further heating the pnrtly- 
deeomposed salts to temperatures not very elevated, 
a distinct evolution of ammonia took place ; whilst 
after heating for a fow hours to 100“ (J., practically 
nil wns oxpolled and nothing but fatty noids loft. 
The ubovo figures represent tho progressive loss 
of ammonia obsorved with crude lauric acid (from 
cocoa-nut oil), pure stearic acid, crude ricinolcic acid 
(from castor-oil), and nearly pure oleic acid, when 
converted into ammonia salt containing a small ex¬ 
cess of ummoniu intermixed therewith; similar 


rated fatty acids (lauric and stearic) lose ammonia 
distinctly more slowly than tho corresponding suits of 
tho unsaturated acids (oleic and ricinolcic). 

II. — On the A mounts of Hydrolysis effected in Soaps 
with vary ilia proportions of Water. 

The decomposition of neutral soaps by water intoncid 
soaps and free alkali has long been known" ns a fact, 
but systematic measurements of the amount of decom¬ 
position cllectcdundervaryingconditions with dillerent 
kinds of soaps do not as yet appear to have been made. 
Having recently had occasion to study this point 
somewhat minutoly, wo have arrived at n number of 
figures capablo of being expressed graphically as 
curves, and leading to the following general conclu¬ 
sions :— 

(1.) The amount of hydrolysis brought about by 
the action of a given quantity of water on a neutral 
soap is variable with tho nature of tho fatty acid 
from which the son]) is made, but in all cases in¬ 
creases with the amount of water employed relatively 
to tho soap, but less rapidly; so that curves plotted 
with the amounts of water us abscissie and tho pro¬ 
portions of alkali set free ns ordinates aro concavo 
downwards. 

(2.) Addition of excess of alkali to n neutral sonp 
causes a diminution in tho amount of hydrolysis 
effected under given conditions, to such nil oxtent as 
completely to stop the action with comparatively 
small proportions of water when tho 1‘reo alkali only 
amounts to u fraction—say 20—25 per cent.—of the 
alkali combined with the fatty acids. 

(3.) Alcohol, oven when not absolutely anhydrous 
(90—95 per cent.),does not decompose ordinary neutral 
soaps into free alkali and acid suits; if, however, 
water bo added to an alcoholic soap solution, more or 
lcss hydrolysis is brought about; so that if a gelati¬ 
nous mass of noutrul soap dissolved in strong spirit 
(containing a little phono! phthaloin) bo treated with 
water, a more or less strongly-marked colouration is 
noticeable ns tho water diffuses into tho mass. (This 
affords a good lecture illustration.) 

The experiments were made as follows:—Tho soaps 
examined wore either prepared by ourselves or ob¬ 
tained from manufacturers with information ns to 
the fatty acids presont; they were carefully analysed, 
and in thoso cases where minute amounts of free 
alkali wore present corrections were made for these 
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small amounts.* Weighed quantities of soap repre¬ 
senting known amounts of anhydrous soap were dis¬ 
solved in known quantities of distilled water on the 
water-bath, and after cooling to near the ordinary 
temperature the liquids were treated with jmre 
sodium chloride, so as to throw out of solution all, or 
nearly all, the soap as a curd. Tho curds thus preci¬ 
pitated, on drying and dissolving in alcohol, were 
always mere or less acid, phenol phthalein being tho 
indicator; so that one .way of determining the 
amount of hydrolysis was to determine tho quantity 
of alcoholic potash or soda solution requisite to 
neutralise this acidity. It was found, however, in 
practice to be far more convenient to determine the 
alkali contained in an aliquot portion of the brine, 
correcting the amount found for the free alkali 
originally contained in the soap (when any). With 
smaller proportions of water the addition of mode¬ 
rate quantities of salt sufficed to throw all soap out of 
solution so perfectly, that at most only traces of fatty 
acids could be obtained from the brine by acidulating 
and shaking with ether; with larger proportions it 
was found convenient to evaporate the brine until 
nearly saturated, and filter again from any soup 
thrown out of solution during the evaporation, using 
only a fraction of the salt requisite to saturate the 
water for the salting out, rather than to use more salt 
in the first instanco and titrate without evaporation, 
reater accuracy in hitting the terminal reaction 
eing thus attained. With cocoa-nut oil soap the 
brines were evaporated to dryness, and then treated 
with just sufficient water to dissolve the salt and fil¬ 
tered ; in this way liquids free from more than traces 
of soap were obtained, the soap originally contained 
in the brine before evaporation being thus eliminated. 

The following corrected mean values were obtained 
in a lengthy series of experiments with various soda 
soaps, all of which were either neutral or only faintly 
alkaline ; the numbers represent the quantities of 
Na 2 0 set free by hydrolysis, reckoned per 100 parts 
of Na^O contained in the soap combined with fatty 
acids, x molecules of water being used for one of an¬ 
hydrous soap. 


of these three homologous acids, that for the acid of 
highest molecular weight underlying, and that for the 
acid of lowest molecular weight overlying, the third. 
It cannot, however, be hence inferred that the soda 
salts of acids of the fatty scries arc decomposed by 
water with tho greater ease the lower their molecular 
weight, for Julius Thomson’s thermo-chemical inves¬ 
tigations (Thcrmochcmi.sc/ii’. Unlersuchmipcn, i. p.372) 
show that sodium acetate is not measurably broken 
up by water. 





I'd lues of A' 


The curve for tallow-resin soap (primrose) indicates 
that the presence of a certain amount of resin soap 
in a mixture mainly consisting of sodium stearate 
and oleatc does not materially affect the rate of hydro¬ 
lysis, since tho curve for this soap lies botween the 
stearic and oleic acid curves. 


! 

I 

Mean 

Molcculnr 

Weight. 

Hydrolysis brought about by x Molecules of Waltr, 

zolOO 

x=250 

i! 

Crt 

8 

x = 1000 

*=2000 

I’urc Stearic Acid.. 

281 

07 

P0 

17 

2*0 

3-55 

Nearly pure Palmitic Acid . 

25G 

PIS 

P3 

2*0 

3'15 

375 

Crudo Luurlc Acid . 

* 135 

3'75 

P5 

51 

075 

77 

Puro Olotc Acid. 

282 

P85 


3-8' 

5-2 

0-05 

Crudo lliclnolcic Acid . 

201 



3-0 

38 

4*5 

Chlclly Stearic, Palmitic, and Olulc acids 
(palm-oil tallow soap). 

271 


P55 

2-0 

41 

5*3 

Chiefly Tallow and Itcsln (primrose). 

280 


2*2 

37 

PS 

0*3 

Cotton Seed. 

250 

2'25 

3-0 

5-0 

7'5 

0*5 . 


Tho annexed diagram represents these values gra¬ 
phically, the value of Afbcing abscissa) and tho others 
ordinates. 

It is noticeable, in connection with theso figures, 
that tho curves for stearic, palmitic, and lauric acids 
(cocoa-nut oil) lio in the order of the molecular weights 


* Kortho determination of tiio free alkali tho soup was dried 
and boiled with strong alcohol, uud llllcred hot; tho nitrates 
woru ulwuis neutral, showing absence of cutiHlio ulkuli; thu 
trilling residua of carbonate soinoliinoB loft on tho inter was 
treated with stundurd ucld In tho usuul way. Vide infra, 
Section III. 


The curves obtained with oleic acid and cotton-seed 
oil (which appenrs to contain some amount of an acid 
analogous to tho linolcic acid of linseed-oil) overlie 
ail tho others, cocoa-nut oil excepted; ricinoloic acid, 
however, furnished a soap that hydrolysed markedly 
less readily than sodium oleatc, though more readily 
tbnn sodium palmitato and stenrato, 

Tho following numbers, obtained with some of the 
above soaps, illustrate tho effect of tho presence of 
freo sodium hydroxide in diminishing tho amount of 
hydrolysis produced by given quantities of water, 
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tho values being in all cases notably bolow those ob¬ 
tained as abovo with neutral soap solutions :— 


Similar results were obtained in numerous other 
experiments of the same kind. 

III.— Comparative Jlesults yielded hy Different Pro¬ 
cesses in ordinary use for the Determination of 

“ Free Alkali ” in Soap. 

In connection with this subject the following notes 
may be of some interest, being obtained as the result 
of a large number of comparative analyses made for 
tho express purpose of testin'' .the accuracy of the 
various methods. Three methods were examined, 
which for convenience of reference may bo desig¬ 
nated respectively ns the “ Alcohol test,” the “ Fatty 
Acid titration test,” and tho “ Salting-out test” (or 
A.T., F.A.T.T., and S.O.T.). The first consists of 
the following operations The soap is dried, and 
then boiled with a suflicicnt amount of strong alco¬ 
hol—or, better, absolute alcohol. The filtrate and 
washings are then titrated with alcoholic acid or 
alkali, using phenol phthalcin. as indicator, so ns to 
obtain the positivo or negative alkalinity of the 
solution ( neyative alkalinity indicating freo fatty 
acid or diacid salt). The residue on the filter, con¬ 
sisting of carbonates, etc., is then titrated as usual, 
and tho total alkalinity taken as tho algobmic sum 
of the two valuations.* A number of direct experi- 
mentsshowed that if nperfectly-neutrulsoap were taken 
tostartwith,dissolved inalcohol,and added to a known 
(luantity of alcoholic potassium or sodium hydroxide, 
the amount of alkali present was still correctly de¬ 
terminable with phenol phthnlein as indicator, tho pre¬ 
sence of the soap introducing no marked error; whilst, 
on the other hand, if tho same soap were dissolved in 
water and a known amount of sodium carbonate 
added, this amount was always sensibly indicated by 
tho alkalinity of the residue obtaiued by evaporatin'' 
to dryness, treating with alcohol, and filtering and 
washing thoroughly; whence it may be inferred that 
tho A.T., when properly applied to a soap, gives accu¬ 
rate information, not only as to the total “freo 
alkali,” but also as to tho proportion thereof existing 
as hydroxidoand carbonate respectively. Accordingly, 
this process may fairly bo taken as a standard of 
comparison for the others. 

The second process (F.A.T.TA consists in deter¬ 
mining tho total alkali present (that existing as soap 
together with the freo alkali), separating tho fatty 
acids in any convenient way, and finally dissolving 
these in alcohol and titrating with alcoholic potash 
or soda with phcnolphthulein (or other suitable 
colouring matter) as indicator. Although at first 
sight this process would seem likoly to bo exact, yet 
in our hands it scorned almost invariably to bo 
allected by a sensible error of uncertain direction. 


• ftls not Impossible fora freo fatly aclil (or, rutlior, » ccrlulii 

t irojiortiua of uiuchl salt) to coexist Hide by snlo with an alka- 
Inu carbonate In u solid soap; for example, in a suap prepared 
by Intermixing u free fully uuld with u strong alkaline solu¬ 
tion. 


On testing absolutoly-ncutral soaps in this way, 
numbers were obtainod sometimes indicating a small 


positive excess of alkali, antj sometimes a small 
negative one (excess of fatty acids); and in the same 
way, soaps that contained small or moderate amounts 
of free alkali when tested by A.T. often yielded dis¬ 
tinctly different results when tested by F.A.T.T., 
the difference being sometimes -F and sometimes -. 
As range of variation, from + 3 per cent, of tho 
alkali present as soap to - 3 per cent, of the same 
usually represented the extremes ; but occasionally 
still larger discrepancies wero observed, whilst con¬ 
cordance within ± 1 per cent, by the two tests was 
the exception rather than the. rule. That no par¬ 
ticular systematic error in one direction obtained 
was evidenced by tho fact that taking the average of 
a long series of duplicate tests with different soaps, 
the + differences and the - differences sensibly 
balanced one another. Thus the following figures 
may be rjuotcd as illustrations, tho numbers repre¬ 
senting the amounts of free alkali found per 100 
combined ns actual soap—*.<•., if the totnl alknli were 
8'5 per cent, of tho sonp itself, and the freo alkali 
wero l'O per cent., then tho free alkali would be 

—! P— = _ 13 -;} per cent, of tho combined, and 

8-5—l'O 7-0 
so on. 


Natuiie or Soap, 

A.T. 



Cotton seed Oil Soap. 

70 

no 

-70 

Chiefly from Bleached 1 'aim Oil 

5‘0 

10-8 

-5-8 

I’rlmroso . 

ri 


-30 

Transparent. Soup, made by 
Spirit Process, containing 10 
pur cunt, of Sugar . 

0 


-2-0 

A Card Soap (highly ulkullnc) 

18-3 

1ST 

+0-2 

A British Cold Process Soap.. 

7-1 

8'8 

+ Pf 

A Continental Toilet Sonp — 

1*2 

-1*1 

+5-3 

A British ditto .... 

80 

2-5 

+5-5 


The four extreme differences here tabulated (first 
and Inst pairs of samples) were unusually large, tho 
differences ordinarily not exceeding + 3 0. 

Inasmuch as an uncertainty in tho actual amount 
of freo alkali present thus seems to exist when the 
F.A.T T. is used, amounting to ± some per cents, of 
tho alkali present as sonp, it follows that the 
F.A.T.T., though convenient and useful in tho 
examinations of various kinds of soap whore a 
sharply exact estimation of tho free alkali is not 
muterial, cannot bo safely used for tho purpose of 
deciding whether tho amount of free nlknli iu ( for 
oxninple, a toilet soap falls beyond a small limiting 
quantity. Thus in following tho classification sug¬ 
gested by ono of us in tho Cantor Lectures on Toilet 
Son]), delivered some months ago boforo tho Socioty 


Natuue ok 

Fattv Acids uskd. 

Extra XaiO added 
to Solution, per 100 
combined as Soap. 

Ifydrolysis brought about by 
x Molecules of Water. 


x=250 

1=2000 

Crudo Jjaurio Add (cocoa-nut) 

U'O 

IT 

PC 


Cotton-seed Oil Sonp. 

150 

nil. 

nil. 


Stearic and Olclo (tallow) .... 

20-0 

nil. 

nil. 

nil. 

Tallow Ilcsln (primrose) . 

150 

nil. 

01 

P3 
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of Arts,* tho F.A.T.T. is practically useless, inasmuch 
ns it is not possible to nflirm certainly by its means 
whether or not a given sample of soap, contains less 
alkali in a free state than Ajth part (2'a per cent.) of 
that present as soap. Tho test might indicate per¬ 
fect neutrality when upwards of 2T> ner cent, of free 
alkali is present; or it might condemn a soap as 
passing beyond the limit of 2'5 per cent, when really 
the soap might be perfectly neutral. On tho other 
hand, for the commercial valuation of the detergent 
rawer of strongly alkalised or silicated soaps where a 
arge portion, or even tho majority, of tho alkali pre¬ 
sent is not combined with fatty acids, the F.A.T.T. 
is often extremely convenient, necessitating but little 
additional trouble after the fatty acids formed on 
decomposing with acid have been determined. 

The third process (S.O.T.) is usually curried out in 
much tiio same way as the experiments above 
described on Hydrolysis, and consequently is apt to 
he even more inexact than the F.A.T.T. A certain 
amount of liability to error could no doubt be 
avoided by uniformity in procedure— c.f/., by always 
taking such a quantity of water to dissolve tho soap 
in as would represent approximately a constant 
number of molecules of water to one of soap ; but 
even if sources of error •through varying proportions 
between water and dry soap could be avoided, there 
would remain the objection that a widely varying 
excess of alkali is always present in the brine over 
and abovo that to be determined, owing to tho 
hydrolytic action of the water ; and it is impossible 
to apply any mean correction sufliciently nccurato for 
use to obtain exact results, bccauso not only is the 
hydrolysis due to a given amount of water variablo 
with the nature of the fatty acids present, but also it 
varies for a given fatty acid with the amount of free 
alkali in the original soap, incrcaso in alkalinity of 
soap diminishing amount of hydrolysis. The figures 
on next column may be quoted as illustrations, being 
somo obtained in one scries of comparative valua¬ 
tions in which for one molecule of dry sonp approxi¬ 
mately 100 molecules of water were constantly used 
(roughly speaking, about ten parts by weight of 
water to one of dry soap); the soap being dissolved 
by the aid of heat, tlie solution was cooled and 
treated with an amount of pure common salt equal 
to one-fifth the weight of water, the curdy mass 
being then fdtcr-itumped, and tho last portions of 
adherent alkalino brine washed out with a few ccs. 
cf saturated salt solution. With soaps largely con¬ 
sisting of cocoa-nut oil salts, an additional error is 
apt to bo occasioned by incomplete precipitation. 
from solution of sonp by salt, apart from tho 
increased error due to larger relative hydrolytic 
action on this class of soaps. 

Considerably larger discrepancies between tho 
results of tho two methods were observed when 
relatively larger quantities of water wero employed, 
us, for examine, when a solution of soap (two, five, or 
ten per cent.) was precipitated by adding to it twice its 
volumeof saturated brine,amodeof workingsometimes 
adopted by.soapanalysts. It is hence evident that whilst 
the S.O.T. is often very convenient for testing highly* 
alkaline soaps commercially (tho hydrolytic action of 
water on such soaps being a minimum), it is not of 
much value for discriminating the small amounts of 


• J'tmt (trade.—Stmpa which uro, it not actually noiitrul, «t 
any rale ao far devoid ot free alkali that tho uinoiml of lotai ; 
alkalino inatlor present in forms oilier than actual soap docs 
not exceed jtith part (2'5 per 1001 of tho alkali present com¬ 
bined with fatty uclds us soup. 

ticcond Grade .—Soaps in which tho free alkali, although 
oxoecdlutt /ah part (2'a por ICO) of that combined ns Boap, duos 
not overpass Atli of Unit amount (7'5 per 100). 

Third Grade .—Soups la which tho free alkali exceeds Atli 
(7’fl per 100) of the alkali combined us true snap, 
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freo alkali which at most arc permissible in high- 
class toilet soaps, innsmuch as the probable error of a 
test by this method will often (as with the F.A.T.T.) 
exceed tho maximum amount of freo alkali compat¬ 
ible with classification ns a first-rate article ; whence, 
finally it results that tho “alcohol test" is tho only 
one of real utility in such cases; independently of 
which, as above stated, it gives information as to tho 
causticity or otherwise of the free alkali in a way 
impossible with tho other two tests. 


Natuiie ok Soai* 

AT. 

S.O.T. 

Kxccuh of S.O.T 
ov«r A.T. 

Puro Cocoa-nut Oil Soap, not 
strongly alkaline . 

5-0 

91 

Cl 

Another sample of ditto . 

2‘8 

5-8 

30 

A British Toilet Soap, largely 
made from Coco;wiut Oil.... 

1-3 

5-8 

C5 

A foreign Toilet Soap, largely 
nmdof rum Cocoa-nut Oil (neu¬ 
tral) .:. 

0 

3-5 

.3-5 

A high-class American Toilet 
Soap... 

i-s 

5-1 

30 

A Toilet Soap largely made 
from lurd (neutral) . 

0 

3-2 

3’2 

A second-class ditto, chiefly 
mado from tallow. 

i-s 

4-8 

2’9 

A Cotton-seed Oil Sonp.. . 

7‘2 

9-8 

2-0 

A Tallow-resin (primrose) .... 

1-1 

3‘0 

T9 

A N’cutrnl Castor Oil Soup .... 

0 

17 

17 

A Pleached Pulm Oil Soap_ 

5-0 

c-i 

17 

A tolerably Alkalino Curd f-joup 

1S-3 

18-3 

0 

Puro Stcnrlc Acid Soda Sonp 
(neutral). 

0 

07 

07 


IY. —On (wo New Patents connected with Soup Manu¬ 
facture. 

In connection with the nbovo-described results, it 
may he of interest to refer briefly to two recent 
improvements introduced by one of us. Ono of 
these is mechanical rather than chemical, being 
primarily intended to diminish the large amount of 
waste unavoidably caused in the ordinary process of 
cutting up and shaping largo rectangular blocks of 
spap for the formation of tablets, owing to the pro¬ 
duction of scraj); this is effected by forcing the hot 
fluid soap (by means of a pump, hydraulic ram, 
screw, or other convenient means) through ft system 
of cooling tubes so arranged tlmt tho soap issues 
therefrom ns n series of streams of soap just upon tho 
solidifying point, but sufliciently soft and plastic to 
weld together completely on further passing into a 
moulding tube, from winch a bar issues at tho far 
end of dimensions regulated by a movablo mouth¬ 
piece—the various tubes being jacketted, and so 
maintained at the particular temperatures requisite 
for the particular kind of soap operated upon.t hi 
this way a considerable saving of time, labour, work¬ 
ing space and material is effected ns compared with 
tho ordinary system, inasmuch as a continuous pro¬ 
duction of bar goes on ns long as tho supply of 
molten soap lasts. 

Tho other is a purely chemical process, devised for 
tho purposo of getting rid of tho Lite noire of tho 
toilet-soap maker—viz., excess of alkali present in 
forms other than Iruo sonp, usually ns carbonate or 
hydroxide. In tho manufacture of Cnstilo soap a 
small quantity of ferrous sulphate is often added to 

1 Vide l'utont SpcoIllcuUon No. 10,001,1831. 
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the mass before cooling, for the purpose of producing 
tho peculiar “mottle” of this class of soap;* the 
sulphuric acid of this salt converts a portion of the 
freo alkali into sulphate, thereby diminishing the 
free alkalinity, 'It is obvious that this latter result 
would bo equally brought about by using any other 
salt that would act on the alkali of the soap in the 
samo way ns ferrous sulphate; but inasmuch as n 
metallic oxide would also result, the use of such com¬ 
pounds is objectionable, because staining and dis¬ 
colouration of the mass would bo apt to tie brought 
about, ns well as other inconveniences, owing to the 
presence of metallic compounds. By substituting an 
nnunoniacal salt this difficulty is obviatedt; the free 
alkali becomes a neutral salt corresponding with the 
nnunoniacal compound employed, whilst the comple¬ 
mentary product is ammonia (free, or ns carbonate, 
in either enso readily volatile) which escapes, part 
immediately, the remainder during the processes of 
cutting up and shaping, stamping, and exposure to 
air to dry and harden before boxing ; even should a 
minute amount of ammonia be retained in the centre 
of the tablet,’ this is of no practical consequence, as 
the action of ammonia on tho skin (as on woollen 
goods generally) is well known to be far less cor- 
rosivo mid injurious than that of an equivalent 
amount of fixed alkali, especially soda. This method 
of getting rid of free alkali is particularly applicable 
to “milled” soaps, inasmuch ns the exposuro to air 
in the form of thin ribbons, which necessarily takes 
place over and over again during the grinding 
together of tho stock soaps and colouring matters, 
etc., ensures tho completo volatilisation of tho 
ammonia; so that only the faintest traces, or none 
at nil, can ho found in the finished tablels. 

A working model of the machine described, and 
specimen bars made thereby (natural size), were 
exhibited ; as also specimens of remeltcd and milled 
toilet soaps de-alknliscd by the ammonia process, 
which was also illustrated in operation on the small 
•scale. 

DISCUSSION. 

The Cir.uitMAN, in opening the discussion, said 
the authors had referred to “ mass action ’’ as 
applied to the chemistry of soap; in his opinion 
many other departments of industrial chemistry 
involved this principle as well. 

Mr. Lant Gaui'Kntku lmd been much struck l»y 
the authors’ views upon “ muss action.” It might 
account to some extent for tho differences observed 
by wool-scourers mid other largo users, in tho 
behaviour of batches of soap precisely similar in 
composition so far as chemical analysis went. 

Mr. Samuel Haul thought that more stress was 
often laid on the necessity for having no oxccss of 
alkali in soap than tho question demanded. 

Mr. Maltha n could fully corroborate Mr. Lant 
Carpenter's remarks. Ho lmd found much dilliculty 
in producing batches of soap of uniform strength, to 
suit makers of fino Scotch tweeds. Sometimes a 
soap completely destroyed tho colour, though dif¬ 
fering in constitution in no degreo .from a previous 
batch deemed quite satisfactory, lie thought that tho 
author’s proposal to rcplaco the free alkali by 
ammonia as likely to aid in securing uniformity in 
this direction. About ton years ago an apparatus 
for squirting soap had beon brought before him by 
an American. But it differed in this respect from that 
exhibited—viz., in squirting tho soap into a singlo 


■ Many so-culled mottled soups of modem umko in pvc- 
imreil in tiuilu u dldomit way; llioso substances illll'oring 
from tlio oid-fiisldiHictl mottles in Uuiug heavily watered, unit 
cansci|uciiily roqiilrlnir a dllferont modo of Iroutnicm to onsuro 
Ilia mottled uppouruiico. 

I I Veto X’ntout Specification No, It.CSl, 1881. 


large tube instead of into several small ones. Tho 
result was that it was almost impossible to cool tho 
soap unless a very long tube was employed, or the 
action was stopped every now and then. The 
apparatus before the meeting seemed to have effec¬ 
tually surmounted this dilliculty. 

Dr. At.niui Wit lout, in reply, said that he believed 
it was the practice for certain firms to remelt their soap 
with some palm oil or other easily saponifiable fat. in 
order to neutralise nny excess of alkali. Many other 
methods for removing excess of alkali from soap had 
been proposed at various times, but all had moro or 
less failed in certain cases. YVlmt Mr. Mactenr had 
said in reference to the American squirtiug machine 
wasriuite new to liinqheliad been under the impression 
that liisiiiflcliine was thelirstof the kind. In reply to Mr. 
Hall, it is not the dissolving of soap in water which 
causes excess of alkali to he objectionable, but 
tho rubbing of this irritant on the skin. It had 
been over and over again established that if more 
than two or three per cent, of the total alkali were 
present in the form of carbonate, this would bo 
enough, if used day after day, to produce most 
uncomfortable irritation, especially on the tender 
skins of ladies and children. 

—**«w*m*«— 

THE LIME 'PROCESS FOR THE PURIFICA¬ 
TION OF COAL G’AS. 

BY V. II. VELEY, M.A., F.I.C., 

Of the Chemtcul Laboratory, Christ Church, Oxford. 

Pari I. 

The impurities in coal gas, nftcr passago through tho 
scrubbers, containing sulphur us a constituent, are of 
three distinct kinds: (1.) Hydrogen sulphide. (2.) 
Substances yielding hydrogen sulphide when passed 
over heated surfaces, especially finely-divided plati¬ 
num. These consist principally of carbon disulphide 
and traces of hydrogen thiocyanate, and probably 
carbon o.vysulnludo ; the presenco of the first having 
been further demonstrated by. the production of its 
compound with triethyl phosphine (Hofmann), and 
its extraction from lime purifiers (Leicester Grcvillo). 
(3.) Substances not convertiblointohydrogcnsulpliido 
under these conditions, but burnt into sulphurous 
and lliencc to sulphuric acid, as estimated by the 
Metropolitan Gas Referees’ sulphur test. These two 
latter kinds .arc generally classified as “ sulplior com¬ 
pounds." The recent researches of Victor Meyer anil 
iiis pupils on tliiopheu (C4II4S), which was first 
isolated from coal-tar benzene, and the relationship 
between this substuuco and pyridine, seem to indi¬ 
cate that it, or its homologucs, nre amongst the 
sulphur compounds of tho third class. The writer is 
now investigating this point. The principal purifying 
agouts, adopted for tho removal of members of the 
first two classes nro ferric oxide and calcium hydrate, 
either in tho damp stnto or in the form of milk of 
lime. The reactions taking place under various con¬ 
ditions between (1) cnlcium hydrate and hydrogen 
sulphide, (2) between calcium sulphide and carbon 
disulphide, under vnrious conditions, and (3) the 
changes and decompositions induced by various sub¬ 
stances likely to bo present in coal gas issuing from 
tho scrubbers, nro tho subjects of tho present paper. 

Reaction between Calcium Oxide and Jfydrale with 

JJydruijen Sulphide. 

Tho nature of the chemical changes botweon theso 
substances has boon the subject of investigation by 
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Berzelius* end Rose ; + but more recently by Divers 
and Shimidzu.t Folkard,§ W. Foster, and the 
writer.|| 

Firstly, it has been observed that, at temperatures 
below 100° C., perfcctly-dry hydrogen sulphide is not 
absorbed by perfectly-dry calcium oxide TT—a pheno¬ 
menon perfectly analogous to the non-absorption of 
dry carbonic ankydrido by dry calcium oxide. Tko 
explanation in both cases is probably similar. Thus, 
n the latter case a small proportion of the calcium 
oxide dissolves in the trace ot water. The solution 
absorbs the carbonic anhydride to form calcium car¬ 
bonate, which is precipated, and thus removed from 
the sphero of action ; leaving the water to tako up 
another small quantity of calcium hydrate, and so 
ad infinitum. In the former case, the calcium hydrate 
is dissolved as calcium hydrosulphide, Ca(SH)«. 
This in its turn is decomposed into calcium hydroxy- 
hydrosulphide, Ca(SH)OII), which is precipitated ; 
thus leaving the water to dissolve another portion of 
the calcium hydrate. 

Secondly, if dry hydrogen sulphide is passed over 
calcium hydrate, calcium monosulphide and water 
are formed, in accordance with the equation— 

Ca(OIi)-+ll.,S=CnS + 2H.A 

a change effected readily and completely at tempera¬ 
tures ranging from 80° to 100° C., but more slowly at 
ordinary temperatures, owing to. the formation of 
caked masses of the monosulphide, winch enclose un¬ 
altered particles of the unchanged hydrate. As, how¬ 
ever, there seems to be some doubt as to the com¬ 
pleteness of the change at ordinary temperatures, the 
following experiment may bo quoted on this point, 
with a sample of oxide, the preparation of which has 
been described at length in the author’s paper in the 
Journal of the Chemical Society. 

I— Hydration of the Oxide. 

3'0C19griii. of calcium oxlilo gnvo 47112grni. of eulefum 
hydrate. 

Found. Theory. 

Itutlo Of C Ai0iIb .. 1-323 .. 1-321 


II.— Synthesis of the Sulphide.—Temperature 15° C. 


Weight of 
Comllton of Calcium 
til.rimc.it Compound, 

9 4'OOOGruMmi-l. 
After treatment! 


with 

hydrogen 


Bulphldo for six 

5-5390 

hours, 

and hy- 

drogen 

hours 

lor two 


»* 


5G528 

5-0800 

57U11 

»• 

* i 


57512 

5*7471 

5*7320 


Ditrerence. Water Tutal 

tirulnlucs. Collected. tiuiu. 

Cruuime. Gruunuei. 


1-5390 .. 00105 .. 1-5301 


0-1132 .. 0-0151 .. 1 0781 

0-0228 .. 0-0089 .. 17311 

0.0118 .. 0 0212 .. 17701 

0-0,193 .. 0 0013 .. 1-311(1 

-•0013 .. 0 0010 .. 1-81:18 

— '0118 .. 00135 .. 1-8131 


At this point the experiment was stopped, as the sub¬ 
stance seemed to be only dehydrating slowly, as 
shown by the loss in weight of lime compound being 
equal to the gain in weight of tho drying tube. 

The total gain required by theory for tho reaction— 


Uo(OH) 2 +I1 : S=CaSclI-O + (2 - ,t)1[,,0 


is 1‘837 grammes, of which 1'8131 grammes were 
found, or 98"7-l per cent. 


* SchwelggorB Journal, xxxlv. p. 12. | Ibid. lv. p. 113. 

1 Jour. Cliom. Soa. 1831, p.278. 
i Chemical Nows, xllx, p. 253. 
f Jour. Chum. Soc. 1835, p. 173. 

1 A proclBoly-slinllur phenomenon was obsorvod by Tliorno 
In tho course of tho conversion of titanium oxhlo Into tlio 
scsqulsulphldc. (Sco Jour. C'hoiu, Soc. 1835, p, hjj.j 


III. — Analysis of the Resultant Sul/stance. 

Gramme. Gramme. rcrccutage. Mean. 

0-1851 gave 0511 CnS0 4 .=19-22Ca .... 39-22 

0'2210 „ 0'181 nnSO,.=27 75 o-r.-e 

0-2003 „ 0MS2iliiaO J +0'001S = 27-75/ a “ 7 

0-2100 „ 0 079 water . =12-01 j nn , 0 . 1Q 

0-1SGG „ 0-001 .=32-31 i 11 - 0 --- 18 

0915 

Oxygen, by diiroronco. 00 85 

10000 

Atomic ratio ot calcium to sulphur —173:1. 


Comparing, then, tho results of the analysis and tho 
synthesis, 0'85 per cent, of oxygon is equivalent to 
3'9 per cent, of calcium liydrato. Therefore, of the 4 
grammes of calcium liydrato taken, 3'844 grammes 
only entered into the reaction. 

Crnmnut. Grammes. Crummes. 

1-811 CnlOHI- should yield. 3751CnS+ 1-90211.,O 

0750 Cn(011) 2 uru equal to .0118CaO+ 0 03811-0 


,T871CnS+CaO 1-940I1..O 

Tlia CO grammes of C«(01I(- gave 3-831CuS+CuO l ucOil-O 

Tlie error in hotli cases is slightly more than 1 per 
cent., probably accounted for by the difficulty of 
rigidly excluding all traces of air throughout an ex¬ 
periment lasting ninny hours, and tho inevitable 
formation of small quantities of calcium thiosulphate. 
However, both the synthetical and analytical results 
arc sufficient to show that 9G to 98 nor cent, of tho 
calcium hydrate is converted into the sulphide at 
ordinary temperatures. In the course of experiment, 
it was observed that the above reaction could bo moro 
rapidly effected in the presence of water in excess of 
that required for the production of the hydroxide—a 
result to bo explained by the solution of tho largor 
quantity of the hydroxide, and the greater readiness 
with which the hydrosulphide is temporarily pro¬ 
duced. 

The sulphur compounds of calcium have often been 
described as being of a bluo or bluish-green colour ; 
but this tint, which gave rise to the technical term 
“blue billy, is duo to imparities of ferric oxide con¬ 
tained in the native lime. Pure calcium monostd- 
pliidc is perfectly wliito ; but rapidly turns a pale 
yellow on exposure to air, owing to tho formation of 
calcium tluosulphate. The grcon-bluc tint of the 
crude foul lime can bo successfully imitated by slak¬ 
ing the pure specimens of the oxido with a solution 
containing 1 part of iron in 000,000 parts of water, 
and passing hydrogen sulphide over tho product. 

Thirdly, if hydrogen sulphide is passed into water 
in which calcium oxido is suspended, calcium hydro- 
sulphide is formed, in accordance with the equation— 

Cn( 011 ). 2 r Aq + 211 2 S = Cu(S II ), + 211.OxA q. 

This substance eventually crystallises out in white 
acicular needles. This eliango is the more perfect 
the lower the temperature at which it is elfected ; in 
fact, a freezing mixture is required lor tho crystal¬ 
lisation of the hydrosulphidc. But, in any case, tho 
hydrogen sulphido in excess of that required for tho 
monosulphide is readily evolved by passing into tho 
solution an inert gas, such as hydrogen or nitrogen, 
or oven by mere oxposurc to the air.** Under any of 
these conditions, tho sparingly-solublo hydrated 
calcium sulphido or calcium hytlroxy-hydrosulphide 
is precipitated in accordance with the reaction— 

Ca(Sl 1 ) 2 +OI f.=CaS H , 011 +H s S, 

a eliango accompanied by tho evolution of heat, for, 
according to Thomsen,+t tho substitution of an atom 
of sulphur by an atom of oxygen in the caso of com¬ 
pounds of alkalis and nlkalino earths corresponds to 
a heat evolution of M - 3 heat units. 


•• Divers, cf. supra. It Jour. fUr Choni. (2), 191, 21, 
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Reaction between Calcium Sulphide or Jhydrate and 
Carbon Disulphide. 

Nearly fifty years ago, Berzelius* described the 
preparation of calcium .sulphocarbonate or tliiocar- 
uoiinte by digesting together calcium .sulphide*, carbon 
disulphide, and water-; but no analyses were given of 
the resultant substance. More recently D. Walker! 
prepared a basic calcium thiocarbonatc— 

CaCS s 2Ca( 011 ) ; ,S 11 -0 

by agitating milk of lime with carbon disulphide—a 
reaction effected, according to Sestini.t by exposure of 
such a mixture to sunlight. According to Sestini’s 
description, it would appear highly probable that 
there can be formed a series of such combinations of 
the hydroxide and thiocarbonatc, varying in colour 
from a pale yellow to a deep red, according to the 
proportion of carbon disulphide contained therein. 
Sestini, Clauvy, and Rotonui proposed to decompose 
such a liquid by potassium carbonato as a cheap 
method for the preparation of a solution of potassium 
thiocarbonatc, an antidote to the phi/tlo.rcra ; but, 
according to the experiments of Jiotondi, § a solution 
of calcium thiocarbonate could not be obtained con¬ 
taining more than 5 per cent, combined carbon dis- 
sulphide. 

Now, it has been observed, both on the manufac¬ 
turing and on the small scale, that perfectly-dry 
calcium sulpliido does not absorb carbon disulphide. 
In the course of the writer’s experiments, this point 
has been determined, first, by passing hydrogen, 
mixed with the vapour of carbon disulphide, over a 
weighed ipiantity of puro dry calcium sulphide ; no 
gain in weight was observed, nor alteration in colour, 
nor diminution of proportion of carbon disulphide pre¬ 
sent in the gas ns indicated by Mr. Vernon Harcourt’s 
colour test. Secondly, some calcium hydrate was 
slaked, and moistened so as to form a material of 
consistency similar to that used in gas-works. Dry 
sulphuretted hydrogen then passed in to convert it 
into sulphide, and determinations were tundo of the 
amount of carbon disulphide absorbed (tlio relation 
between the volume of the gas and the volume of the 
purifying materiul being the same as that in practice) 
when dry hydrogen mixed with the vapour of carbon 
disulphido was passed into it. But this sulphide, 
instead of absorbing all the carbon disulphide present 
in the gas, absorbed only CO per cent., and after a 
time becamo inactive ; but its activity was restored, 
and increased to its full value, by merely damping it. 
This result, on the small scale, is precisely analogous 
to that obtained on the largo scale when the lime 
purifiers are said to “ work dry.” On moistening the 
calcium sulphide with a largo quantity of water, and 
passing carbon disulphido into it, it turns rapidly 
from a wliito to an orange yellow, and thence to a 
red colour; a red liquid ultimately draining down 
from tho sulphide. On evaporation of the liquid, a 
basic calcium thiocarbonatc—C'a(OM).jC'aC8 ;; 711 ,.0 
—.separates out. But tho naturo of tho reaction 
between tho calcium sulphides and carbon disulphido 
can best bo studied by passing tho vapour of the 
latter substance into a solution of calcium hydrosul¬ 
phide. At first hydrogen sulphide is given oil' in 
largo quantities, with precipitation of tho calcium 
hydroxy hydrosulphidc. When this is completed, 
tho absorption of carbon disulphido commences, as 
evidenced by the liquid becoming nearly solid by 
tho formation of yellow crystals of another basic 
calcium thiocarbouato—probably— 

2Cn(011)., CaC.S 3 ,101120. 


" Pome. Aim. vl. ji. 111. 

I Plicmlcul Nows, xxx. p. 28. 
i Uuz.zoltn, 1. p. 173; xll. p. 177. 

i J.u Stnzlonl gpurlmoulidl Agrnrlo (Firenze), 1880, p, 101, 


These in their turn dissolve, to form the above-men¬ 
tioned rod liquid. It results from these observations 
that neither dry calcium sulphide nor calcium hydro- 
sulphide is an active material for removing carbon 
disulphide, but calcium hydroxy-hydrosulphidc. The 
absorption of tho carbon disulphide is dependent 
upon the solution in small quantities of the hydroxy- 
hydrosulphide, the combination of the dissolved por¬ 
tions with carbon disulphide to form a thiocarbonate 
whoso solubility increases with the proportion of 
carbon disulphide taken up. Blit whatever tho 
method of conducting this change, the evolution of 
hydrogen sulpliido is concomitant with tho absorp¬ 
tion of tho carbon disulphide, and tho reaction 
expressing these changes can bo written probably 
thus— 

1. 2CaSI10II + CS., = Ca(Oirb.CaCS, + 11,S. 

2. llCaS 11 0 f I + CS 5 + 0 11-=2Ca( 011), Ua CS 3 + 2H-S. 

This evolution of hydrogen sulphide was rendered 
evident, in the usual way, by lead acetate paper. 
These results are in perfect accordance with the ex¬ 
perience of gas engineers, who lmvo noticed tlmt the 
material from the lime boxes worked according to 
Mr. U. E. Jones’s process (described in his paper 
read before the Institution of Civil EngincersJI) 
difi'era entirely from ordinary spent foul lime in 
emitting a faint odour of carbon disulphide, but no 
quantity of hydrogen sulphide, and in being slowly 
oxidisable.*i Thu above experiments explain tho 
reason of the inactivity of a lime purifier, when it 
has become “over-fouled,” or fouled at a low tem¬ 
perature,** for the activo calcium hydroxy-hydrosul¬ 
phide lias becomo converted by the excess of hydrogen 
sulphide into the inactive hydrosulphide. To restore 
its activity, cither air is blown into the purifiers, or 
the foul lime is taken out, broken tip, and returned 
to the box ; the exposure causing it to steam and 
emit a considerable quantity of hydrogen sulphide. 
The colour also changes from a white to a dark green ; 
owing, in some way or another, to the conditions 
being favourable to the formation of the ferrous sul¬ 
phide. In the former of these cases the blast of air 
removes the excess of hydrogen sulphide, and causes 
the production of the activo hydroxy-hydrosulphidc ; 
while in tho latter this change is effected both by tho 
mechanical process of breaking up, and thus exposing 
unaltered lumps of the hydrate to the action of tho 
emitted hydrogen sulphide, and by the chemical re¬ 
action induced by exposure to tho air. 

Pa jit II. 

In order to arrive at an experimental demonstra¬ 
tion of the various phenomena experienced by gas 
engineers in tho courso of tho purification of coal gas 
from carbon disulphide, experiments were conducted 
in miniature, but to scale, ns regards the relations 
between the rate of pnssnge of tho gas to be purified 
to the volunio of the purifying material. The plan 
adopted was an imitation of the system of purlication 
in use at tho Commercial Uns-works, under Mr. H. 
E. Jones, which was described at length in his com¬ 
munication to tho Institution of Civil Engineers 
already referred to. Instead of coni gas freed from 
hydrogen sulphide and carbonic anhydride, thcro was 
substituted hydrogen containing a quantity of sul¬ 
phur, in the form of vapour of carbon disulphide, 
varying from 10 to 00 grains per 100 cubic feet; tho 
averngo quantity of “sulphur.” ns organic sulphur 
compounds, in coal gns, alter leaving tho scrubbers, 


[ I’roo. Inst. CMC. 1x1. Pint II, 

*i l.olccstor fcirovliio, vide Journal of Ons Lighting, 1883, p, 
1601. 

*■ Tills wns pnrtloulnrly observed by Mr. 1L K, .lottos, on- 
glitoor of itio C'ommorolnl Gus Company, at tho(r \\ upping 
works, In tho winter o£ 187U-SO. 
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being 30 to 40 grains. According to calculations of 
Mr. Vernon Harconrt, from results communicated to 
him by several of the managers of London Gas¬ 
works, for every 1000 cubic feet of gas to be purified 
per hour, 20’3 to 110 cubic feet of lime aro used. 
These figures were taken as the basis of calculation ; 
and on a glass tower was measured oil'a volume of 
0'01 cubic foot. This was filled with pure calcium 
hydrate of such consistency that it could be slightly 
moulded with the fingers. The rate of the gas to bo 
purified was varied, according to the-condition of the 
experiment, from 0'5 to O'Ofll cubic foot per hour; the 
maximum rate corresponding to the minimum quan¬ 
tity of lime used per 1000 cubic feet per hour, and 
conversely. 

The experimental plant was arranged as follows :— 
First, a Kipp’s apparatus for the constant generation 
of hydrogen, which was freed from any spray of sul¬ 
phuric acid by passing through bulbs containing 
water. The gas then ilowed over a bulb-shaped tube 
filled with carbon disulphide; the neck of tho tube 
being drawn out; and provided with a small pin-hole 
for the vaporisation of the liquid. The gas could then 
pass in one of two directions—viz., either directly into 
a glass tower filled with ferric oxide, or through the 
lime purifier, and thenco through the ferric oxide. 
The object of the oxide was to absorb tho hydrogen 
sulphido either as formed in small quantities by the j 
action of the dilute sulphuric acid on commercial zinc, j 
or ns emitted from the purifier. The gas then passed , 
into the colour-test apparatus of Mr. Vernon Harconrt. j 

Preliminary experiments were made to determine j 
(1) whether the proportion of carbon disulphide 
vaporised by the hydrogen remained constant, under 
constant conditions of temperature, within the limits 
of timo in which testings were made ; and (2) to as¬ 
certain whether the proportion of sulphur indicated 
by the colour tests varied with tho rato at which tho 
gas was drawn through the test apparatus by the 
aspirator—the rato of passage of gas being estimated 
by the timo occupied by the testing and the volume 
of water which had run out into tho measuring 
cylinder. Tho results were found to be satisfactory, 
before each set of experiments, blank testings were 
made; tho bulb containing the carbon disulphide 
being temporarily removed, to ensure that the gas 
was free from all sulphur compounds. All tho test¬ 
ings wero conducted in duplicate. In the earlier ex¬ 
periments one-third of the calcium hydrate was con¬ 
verted into the sulphide. Thu material thus obtained 
was of a pale yellow colour, due to a slight oxidation, 
but as this gave unsatisfactory results ns regards the 
removal of the carbon disulphide, another third was 
converted into sulphido, and tho results were satisfac¬ 
tory. The following may bo cited :— 

Skiuks I.— It a (a of Gas (approximately), Cubic Feet 
per Flour. 

OrnhiH of Hiilj.lmr. IVrccntnro of 
CompoilUon of On!, per 100 Cub. Ft. Sulphur removed. 

(1) Sulphur ns carbon disulphide 

present In gus . 02 .. — 

(2) After pussngo through calcium 

sulphido . I'l .. 1 ) 1,5 

Skiuks II.— (Conditions as above.) 

(1) Sulphur ns carbon disulphide 5U .. — 

(2) After puaaugoIhroughcnlclum 

sulphido . nil .. 100 

Skiuks III.— (Conditions as above.) 

(1) Sulphur as carbon dlsulphldo 217 .. — 

(2) Afterlmaango through culclum 

sulphido . nil .. 100 

Skiuks IV. —Rate of Gas 0'G7 Cubic Foot per Jlour. 

(1) Sulphur as carbon disulphide 

present in gas . 80 .. — 

(2) Aflur passing through calcium 

sulphido . $'l S'J'8 


These results show that damp calcium sulphide is 
a fairly-cllicient material for removing carbon disul¬ 
phide. Similar scries of experiments were conducted 
with a sample which had been “sulphided" by dry 
hydrogen sulphide (vide supra ); but this absorbed 
not more than GG per cent, of the carbon disulphide. 

Skiuks Y .—Rate of Gas, OTi Cubic Foot per Hour. 

lYreontiw nf 

CiraitiR of Sulphur Carbon Himilplmlu 
Composition of On*. per 100 Oub. Ft. removed. 

(1) Sulphur us carbon disulphide 

present in Kun . 257 .. — 

(2) A ft cr passing through culclum 

sulphide . 8‘G .. GG*1 

Skiuks VI .—(Conditions as above.) 

(1) Sulphur ns carbon dlsulphldo 357 .. — 

(2) After passing through sulphido 11*1 .. 010 

Skiuks YJL —(Conditions as above.) 

(1) Sulphur as carbon dlsulphldo 20*3 .. — 

(2) Aftcrpussingtiirough.sulphldo 0*1 .. 01*0 

Effect of Temperature. 

In order to study the cflect of temperature, tho 
cylinder containing the sulphide was .surrounded by a 
freezing mixture of ice and salt; and the activity.of 
the material was decreased, as shown by the following 
results :— 

Skiuks VHI.-(df lf.° C.) 

Percentage nf 

fJrnhm of Sulphur Carbon Dixulphidu 
Composition of Cas. i**r 100 Cub. ft. removed. 

(1) Sulphur as carbon disulphide 20*8 .. - 

(2) After passing through Bulphldu 7*2 .. 71*1 

Skiuks IX.— (At- 10° C.) 

(I) Sulphur ns carbon disulphide lfi’l — 

t*J( After pusslngtluoughsulphiile S'5 .. 50*0 

This result explains in a further way tho inactivity 

of purifiers in very cold 'weather. In this, as in all 

other observed cases, the rate of chemical change de¬ 
creases with dccreaso of temperature. 

but in all these eases the yellow colour gradually 
mounted up tho cylinder; thus indicating tho evolu¬ 
tion of hydrogen sulphide, noticed in I’art 1. 

Effect of Various Gases. 

A series of experiments was mndc with the view of 
investigating tho chemical changes induced by the 
passage of gases likely to be present in coal gas 
issuing from the scrubbers, on a sample of foul lime 
which had absorbed a considerable quantity of carbon 
disulphide, and assumed a uniform orange-red tint, 
characteristic of the basic calcium thioenrbonuto. 

Skiuks X.— Jfi/droyen. 

Rate of Passage of Gas (approximate!y), 0*5 Cubic 
Fool per Hour. Temperature, 10“ C. 

(1) Hydrogen passing 

through forrio oxide, 
and thence over plat¬ 
inised ptiinico.Tho lead syrup remained unaltered. 

(2) Hydrogen passing 

I !irungh the tnioenr- 
honntu, and thenee 
over platinised pum¬ 
ice.*.... .. >i 

Tho calcium thiocarbonato is not decomposed by 
hydrogen at ordinary temperatures. Similar results 
wero obtained with purified marsh gas 
Jfydro'ien Sulphide .—To study tho efi'ect of hydro¬ 
gen sulphide, a Wolffs bottle with three tulmlures 
■was introduced into tho apparatus, immediately after 
tho washing-bulbs. This contained a diluto solution 
of hydrogen sulphide, tho strength of which could be 
renewed from timo to timo by passing a few bubbles 
of tho gas by means of tho middle tubuluro from a 
Kipp’s apparatus. Tho hydrogen blowing over the 
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surface of the solution carried forward a small 
• [uantity of the gas, which was passed immediately 
into the colour-tost, and estimated in the usual way. 
The experiment was repeated, the hydrogen sulphide 
being absorbed by the ferric oxide purifier. 

S Kit I KB XI .—Jfydi ■OfjciL Stt/p/t idc. 

Rate of Passatje of Can (approximately), 0'5 Cubic 
Foot per Jfour. Temperature. , 15" C. 

liili.»> Braltw of Sulphur 

Uuiclltlom. , lir 100 Cub. Kt. 

(1) Suljilmr present us hydrogen sulphido; 

the plulluiscd pmnico being cold. 100 

(2) Do. nfler passage througli tho "sul- 

plihleil ” limo anil ferric oxide . Nil 

(0) .Same as (2); the platinised pumice being 

bellied.. 10- 

From the above experiment it is seen that, whereas 
all the sulphur as hydrogen sulphide is removed liy 
the sulphide of lime and ferric oxide, there is driven 
forward a small iiuantity of carbon disulphide, as in¬ 
dicated by its conversion into hydrogen sulphide on 
warming tho bulb of the colour-test. Tho result is 
duo probably to a local formation of calcium hydro- 
sulphide and the decomposition of the thiocarbonatc. 
It is in perfect accordance with tho observations of 
gas engineers, who have noticed that, as the quantity 
of hydrogen sulphide passing into tho calcium sul¬ 
phide purifiers was greater or less, the edicieney of 
the purifiers was inversely diminished or increased. * 
To add confirmatory evidence, a series of experi¬ 
ments was conducted in succession. It was ascer¬ 
tained once for all that no carbon disulphide was 
present in the apparatus, and that all the hydrogen 
snlphido contained in the gas was perfectly absorbed 
by the sulphided lime and ferric oxide. 


Semes XII. 


CJnilitHof Sulphur nn 
llyilruKcu Bulphitk- 
per 1UQ Cub. Ft. 


Gruinn of Sulphur an 
Carbon Diimlphiilu per 100 Cub. Ft., 
evolved by tho iK'CumjKiriitiou 
of the Tbi'JcarlH'imte. 


(1) 

(2) 

1C,7 . 

(1«) 

33-3 

77 . 

. (2«) 

«w»7 

(31 

ft!) . 

. (3«) 

23*8 

to 

70 . 

(l») 

2)1 


From these.experiments it follows llmt the greater 
the (piantity of sulphuretted hydrogen passing into 
the purifier, the greater the quantity of carbon di¬ 
sulphide eliminated. In fact, these results are pre¬ 
cisely analogous to tho well-known “gushes or 
discharges of sulphur " when the purifiers are worked 
on tho Paterson or continuous system. 

Effect of Carbonic Anhydride. 

It lms long been known that before the coal gas 
passes into the vessels, used for tho removal of ear- 
uon disulphide, all tho carbonic anhydride must lie 
removed, inasmuch as this substanco decomposes both 
calcium sulphide and thiocarhonato, with elimination 
of hydrogen sulphide and carbon disulphide respect¬ 
ively, t in order to ascertain the magnitude of these 
decompositions, under conditions likely to occur, tho 
ullect of hydrogen containing a iiuantity of carbonic 
nuliydrido equal to that present in coal gas issuing 
from the scrubbers (500 to 1100 grains per 100 cubic 
feet) was studied. Tho artificial gas was prepared by 
passing into a gasholder filled with hydrogen a few 
nubbles of carbonic anhydride, tho proportion of 
which was determined by I’ettenkofler’s well-known 
baryta-water method. The mixture, after passing 
through tho washing bulb, entered tho calcium 
snlphido purifier, and llionco either directly into tho 
colour test, or througli tho ferric oxide purifier, mid 
then to tho colour test. If tho platinised puniico 

• II. 10. .loacs, /(in. fit. 

I iCing'ii “ Treatise on Dual (Jus," vol, 11. l'urUv. ]>. 22. 


be heated, and the gas passed through tho ferric 
oxide, tho amount of carbon disulphide eliminated is 
determined ; but if the gas is not passed through the 
ferric oxide the amounts of hydrogen sulphide and 
carbon disulphide together are estimated. Tho 
difference between the former and the latter value 
gives the quantity of hydrogen .sulphide. Two con¬ 
ditions aro likely to occur in practice. In - the one the 
foul limo purifier may contain unaltered calcium 
hydrate; in tho other, the limo may be completely 
fouled. The effect of tho carbonic anhydride under 
each of these conditions was observed. Tho results 
showed that in the former caso carbon disulphide 
only is eliminated; the unaltered portions of tho 
calcium hydrate absorbing all the hydrogen sulphide, 
and simultaneously a portion of the carbon disul¬ 
phide. 

Sun iks XIII. 

Lime Purifier containimj Three Paris of Sulphide 

and Thio-carbonate, and One Pari of Unaltered. 

Calcium Hydrate. Rate of Gas (approximately), 

0T> Cubic Foot per hour : Temperature, 15° C. 

Grains of carbonic anhydride per 100 cubic feet, 112C. 

Grain# of Sulphur 

ComlHIonn. unCurbon Oitmli-hiite 

]Kir 100 Cubic Fret. 

(1) Gas passing through sulphided lime 

and ferric oxidn. 3‘I5 

(2) Gas passing through sulphided limo 

onfy . 278 

Seiues XIV .—(Conditions as above.) 

Grains of carbonic nnhydrido per 100 cubic feet, 1183. 

Ominii of 

Sulphur ur 
C arbon Dbmlphlde. 

(1) Gils pnsslng through sulphided limo and 

ferric oxidu. 2*3 

(2) Cus passing througli sulphided limcouly 2'2 

Tho remaining one-fourth of tho calcium hydrate 
was then converted into sulphido by hydrogen sul¬ 
phide, the oxccss of which was blown out by a current 
of hydrogen before testings were made. 

Semes XV.— (Conditions as above.) 

Grains of carbonic anhydride per 100 cubic feet = 331. 

(im-IM PIT 

100 Cubic Fiot. 

(1) Sulphur ns carbon dlsulpliido nml hy¬ 

drogen sulphide liberated.. 227 

(2) Sulphur us carbon dlsulpliido. 3'0 

lllllerenco = hydrogen sulphide .. 107 

Semes XVI .—(Conditions as above.) 

Grains of carbonic nnhydrido por 100 cubic feet = 117. 

(1) Sulphur as carbon dlsulpliido and liy- 

(Ilogon sulphide llbomied. 2 i'O 

(2) Sulphur us carbon disulphide. 32) 

Diilercncohydrogen sulphide .. 23'1 

Skmks XVII. 

Grains of carbonic nuliydrido per 100 cubic feet = 780 

(1) Sulphur us carbon disulphide mid hy¬ 

drogen sulphide liberated . 317 

(2) Sulphur us carbon dlsulpliido. 0 0 

Ulfloronco — hydrogen sulphido .. 287 

Then, under tlicso conditions, not only is hydrogen 
sulphido omitted, but the proportion of carbon di- 
suipliido emitted is increased. 

In conclusion tho author wishos to record his best 
thanks to Mr. Vernon llnrcourt for kind assistance 
nml advice, lie is also greatly indebted to Mr. 
Jones’s pnpor for tho suggestion of somo of tho ex¬ 
periments above detailed. 

[Tho author illustrated, by experiments, tho actual 
method employed for obtaining Iho results described 
in Part II. of the pnpor.] 
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DISCUSSION. 

Tho Chairman (Mr. D. Howard) said Mr. Velcy’s 
communication was a very interesting one ; and the 
subject of gas purification was one with which the 
members were nil in some way concerned. There 
wero/few points more important than tho total 
removal of carbon bisulphide from gas ; and he was 
old- enough to remember when it was regarded as 
almost a hopeless task. The singnlarly-casy method 
whereby it was at present removed, the chemistry of 
which had been so ably explained, wils one of those 
happy adaptations of a very simple process which 
was really amongst tho most valuable discoveries in 
chemistry. 

Professor Foster said there was one point in con¬ 
nection with this question, of the action of sulphur¬ 
etted hydrogen on lime, which he did not think had 
yet been quite cleared up. Dr. Divers, in his admirablo 
paper, gavo a considerable amount of information 
with reference to the hydrosulphide and tho hydroxy- 
hydro sulphide described by Mr. Veley.* At the time 
he took occasion to noto that if, by his statement, 
Dr. Divers meant that the treatment of calcium 
hydra to with sulphuretted hydrogen was attended 
with the production of hydrosulphidc only, under the 
conditions which obtained in the ordinary lime 
wrilier of tho gas engineer, he could not agree with 
lim. Like most men engaged in matters relating to 
coal gas, lie had worked on this lime question ; but 
all alike seemed to be in the dark until Ur. Divers’s 
paper appeared. The subject of his own inquiry hnd 
then resolved itself into the action of sulphuretted 
hydrogen on pure lime, although he began with a 
largo number of specimens of spent lime ; the results 
being very similar to those of his predecessors—viz., 
entirely unsatisfactory. Dealing with commercial 
lime, he endeavoured to get at some knowledge of 
what happened when sulphuretted hydrogen was 
passed into it, commencing at the ordinary tempera¬ 
ture, and keeping well within tho temperatures 
which were produced by the chemical action of the 
sulphuretted hydrogen on the calcium hydrate. The 
result of his inquiry was to lead to the following 
conclusion :—That if calcium hydrate was trented 
with sulphuretted hydrogen in this way, under the 
ordinary conditions, this result (expressed empiric¬ 
ally) was obtained—CaOCaSi’ 11 , ; 0. Expressed con¬ 
stitutionally (following Dr. Divers), the formula 
was—Ca2llOCal 101 IS. The point was this—that 
such a compound only contained one-half the sulphur 
which Dr. Divers and Mr. Veley attributed to the 
compound in question. Dr. Divers stated in his 
paper that calcium hydrosulphido was produced in 
the lime purifiers. It might be that some of the con¬ 
ditions could bo explained, becauso they all knew, 
from the experience of Dr. Divers and Mr. Veley, 
that hydrosulphide underwent splitting up into 
calcium hydroxy-hydrosulphide, with a production of 
calcium hydrate. Wlmt he wished to point out was 
(and it was n practical matter for gas managers) that, 
in the purifiers charged with calcium hydrate, the 
condition of things named would result. Speaking 
from memory, the compound contained 20 per cent, 
of sulphur. Another practical point was this:'lie 
had never met with a specimen of spent lime obtained 
in the ordinary way. and containing moisture, in a 
condition which had more than 10 per cent, of 
sulphur. Therefore, if a gas engineer followed the 
formula as ho had given it—and ho believed it to bo 
quito possible—if he tried to renliso this condition of 
tilings, he would never ordinarily reach more than 20 
per cent. ; and howover long he tried ho would 
never succeed in getting much beyond this. Tho 

* Seo Journal of tins Lighting, Sopt. u. 1831 p. 171. 


action was a perfectly dofinitc one. If a tube contain¬ 
ing calcium hydrate were taken, and if sulphuretted 
hydrogen were then passed—a dryer and an absorber 
of oxygen being arranged intermediately—the action 
was quite progressive. Hour after hour the progres¬ 
sion of the sulphuretted hydrogen could be seen, and 
as long ns there was a particle of lime in front no 
sulphuretted hydrogen passed through tho tube. 
Sulphuretted hydrogen might even be passed through 
for some time, and after it escaped freely, if the com¬ 
pound were then removed anti dried over sulphuric 
acid such figures ns these would eventually bo found— 
CaOCaS2ILsO. He believed that Dr. Divers’s state¬ 
ment and his own experience might be reconciled. 
All ho contended was that, in the lime purifier, ns 
ordinarily charged, the formula which he had given 
was nearly the actual condition of things that would 
obtain under such circumstances. If, therefore, one 
used tho constitutional formula—showing a so-called 
molecular compound—they could understand how the 
action on bisulphide of carbon took place. In rela¬ 
tion to the paper, many other questions arose which 
lie would have liked to go into ; but, after all, this 
was the practical point—that one could not get any¬ 
thing like the percentage of sulphur into the calcium 
hydrate which the able experiments of Dr. Divers had 
incidentally led people to believe. It might possibly 
be done at a very low temperature,-but unless the 
gas engineer realised such conditions ho would fail in 
his task. From a money point of view, it meant, of 
course, that if calcium hydrate were used for the 
purpose of taking out sulphur, there again arose the 
question of expense in eflcctiiig tho object, because 
he could in this way never get more than such a 
ratio, unless he passed sulphuretted hydrogen for a 
very prolonged time, lie had specimens of limo 
obtained by passing sulphuretted hydrogen, taking 
out the mixture and allowing it to be ngnin treated ; 
but he never obtained, under these conditions, with 
ordinary dry hydrate, 1 atom of calcium to 1 of 
sulphur. 

Mr. 0. \Y. Foi.kari) snid it had been remarked by 
the last speaker that, in the ordinary process of 
purification in gas-works, it was impossible to get 
more than about GO per cent, of the linie transformed 
into sulphide. Two years ago lie published in the 
C/nmicitl JYcirs, the results of some experiments he 
had conducted on n small scale, which showed very 
plainly that this was the case; and he frequently 
analysed the material coining from the lime purifiers, 
and had never been able to get more than f»l per 
cent, transformed—it varied from about -12 to 51 per 
cent.—even after the gas containing sulphuretted 
hydrogen had been passed until a large quantity had 
come right through tho purifier for several days. 
He thought it exceedingly probable that this wnsiluo 
to a matter which had been referred to earlier in tho 
evening—viz., to tho action of mass—because tho 
erudo gns contained an exceedingly small proportion 
of sulphuretted hydrogen. He could understand 
that, il pure sulphuretted hydrogen were passed into 
slaked lime, it was quite possible that tho reaction 
would bo such as to transform tho whole of the limo 
into calcium sulphide, instead of getting a molecule 
of calcium sulphide to combine with ono of unaltered 
lime, which was undoubtedly tho form in which tho 
reaction took plnco in ordinary gas-works, l ie would 
nsk Air. Veley to toll them exactly how ho prepared 
tho snmplo of slaked lime. Ho had been caret til to 
iroiiortion tho amount of gas passing through to tho 
mile of material. Rut there was another small point 
which made a great deal of diflcrcuco in tlieso 
matters, and it was this— tlint tho depth of material 
was not tho same. In an ordinary purifier tho 
material would be something like 2-1 inches deep, and 
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therefore the gas would pass very much more 
rapidly past a given particle of lime. Mr. Vcloy had 
properly proportioned the cubic amount of purifying 
material to the volume of gns, but had not the same 
surface area as existed in gas-works. He (Mr. Fol- 
kard) should think that it would be about one-eighth 
or one-tenth, and this would make a vast difference 
in the result. It was well known that if the 
purifiers were three or four times the usual area, the 
purifying action was much greater, whereas Mr. 
Vclcy’s experimental purifier had about one-tenth the 
area usual in gas-works. It had been found, in ex¬ 
perimenting on a small scale, that almost anything 
would take out carbon disulphide, therefore these 
small experiments were always liable to lead to error. 

Dr. i’. F. Frankland asked Mr. Yeley Avhether he 
had the proportionate amount of sulphur compounds 
in tho gas as well as the total quantity of gns. If 
this were a question of mass action, ns Mr. i’olkard 
suggested, it was, he said, obvious that very different 
results would be obtained according ns a larger or a 
smaller proportion of sulphide of carbon was used 
respectively to a smaller or larger proportion of gas. 

Mr. Vkley, in reply, said he had conducted the 
experiments in this way: Starting with a known 
quantity of lime, he passed the sulphuretted hydro¬ 
gen into it, and weighed the material, and also the 
water which was formed. .Making a synthesis of the 
product, he had shown that, starting with a known 
weight of lime, and passing in sulphuretted hydrogen 
until all the change was complete, as shown by tho 
fact that the continuation of the passage of the gns 
merely caused a dehydration of the material (that 
was to say, the loss of tho tube containing the lime 
was exactly cqunl to the gain found in the water 
collected) the result was— 

Ca(GII) :! +II..S = CaS11..0-f(2-a.)lI 3 0. 

Making nnalyses of this material, he found the result 
coincided almost exactly with that of his synthesis. 
Even according to Professor Foster’s own admission, 
substances examined by him were really admixtures 
of calcium sujphidc and unaltered lime ; for he him¬ 
self said that if lie took out the lime, shook it about 
and otherwise disturbed it, put it back again, and 
then repeated the action with sulphuretted hydrogen, 
he could get a larger quantity of the gas absorbed. 

Professor Foster said this was scarcely so. What 
he wanted to point out was that, when sulphuretted 
hydrogen was passed into slaked lime at the ordinary 
temperature of a room, the ailinity or attraction was 
most marked, and tho sulphuretted hydrogen pro¬ 
gressed most slowly, so that not a particle of lime 
escaped its action ; then the action stopped, and tho 
sulphuretted hydrogen passed most freely. If the 
limo were taken out and rubbed up, and then had a 
dose of sulphuretted hydrogen given to it, tho per¬ 
centage plight bo slightly increased. Whether tho 
increase in tho action of tho limo was duo to oxida¬ 
tion, to the rubbing up, or to tho hydrolysis through 
tho prcsonco of moisture, he could not say ; but tho 
action, in tho first instance, was n definite one, and 
seemed to stop at a certain stage. 

Mr. Vkley said lie had never arrived at this stage, 
but always found it go on to a further one. If tho 
experiment at this stago wore carried on at tho 
ordinary toinporaturo for many days, thou the. result 
was complete. Jlo took it that Professor Foster’s 
results wore duo to what ho (Mr. Yoley) lmd always 
found an exceedingly practical difficulty—damp 
calcium sulphide caking round, and thus enclosing 
nuclei of unaltered lime. It was obviotiH that if a 
certain amount of calcium sulphide caked togethor, 
o» it would, thoro would bo also included in such a 
cakod mass quantities of unaltered limo. Tho great 
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When our engineers aro asked to erect any structure, 
they calculate tho probable weight which it has to 
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carry, or the stresses it is subject to; they tako out of 
their pocket a valuable thing called a “ Molcswortli,” 
orsoyie other book filled with formuke, and by means 
of them calculate the dimensions of their structure. 
Their skill and experience is employed in choosing 
and combining the materials and the factors of safely, 
anti they trust the rest to Molcswortli and providence. 
I am told that most of the structures of the chemical 
works in Widncs arc based upon these formnke col¬ 
lected in Molcswortli. Why can we trust so im¬ 
plicitly to such formula; ? Simply because they arc 
the most concise record of the experiences of our 
most eminent engineers; and not only a record of 
their experience, but also of their success in tracing 
out the causes of the phenomena they have observed. 

In the construction of clicmical apparatus, ns far as 
tho strength is concerned, the same facility is afforded; 
but as regards every other particular we are left entirely 
to our fancy, or in the case of long experience, to that 
second sight which is gradually and unconsciously 
acquired. Hut with the termination of tho career of 
many, a successful man terminates also his whole 
experience. Owing to the fact that his experience 
was not in a form sufficiently concise to be readily 
transmitted to others, that it was not formulated ex¬ 
perience—it is entirely lost. 1 have frequently felt the 
want of such guides to tho best form and general con¬ 
struction of new apparatus, as tho engineers possess 
for finding the dimensions, when the goneral form is 
given to them. I have consequently always been 
anxious to collect isolated experiments under a general 
formula. I have tried to collect the whole of the 
experience of myself and others of vitriol chambers in 
such a single formula, and I brought the results of 
such an attempt before this Society somo years ngo. 

To-night I wish to discuss the comparative efficiency 
of various modes of treating liquids with gases. J 
meant to discuss all the modes now in use, but L found 
the subject too largo, for one paper. I have decided, 
therefore, to discuss only one class of apparatus, but so 
that the paper will form an independent whole, and 
I may, at some future mooting, if it be your pleasure, 
discuss the remainder of the subject. 

I. 

The treatment of a liquid with a gas has usually 
one or both of two ends in view : either we wish to 
saturate completely a liquid with one of tho consti¬ 
tuents of a gaseous mixture, or we want to deprive 
tho gas wholly of ono of its components, or we are 
obliged to accomplish both the saturation of the 
liquid and the complete absorption of one of the 
gaseous substances constituting the mixture. Some¬ 
times a liquid is treated with a gas for the purpose of 
removing from the liquid a volutilo compound. 

For whichever of these purposes wo treat a liquid 
with a gas, the mechanical part of tho problem is 
always the same : we must bring the gas into intimate 
contact with the liquid. This intimate contact can 
only be brought about by tho expenditure of energy ; 
we have to do a certain amount of mechanical work. 
Rut tho problem of .treating liquids with gases is not 
so simple ns to resolvo itself merely into a discussion 
of how to produce tho intimate contact with the least 
expenditure of work; we might produce a very inti¬ 
mate contact very cheaply, but afterwards waste the 
contact by otherwise badly arranging our apparatus— 
i.c., obtain a very small effect in spite of tho intimato 
contact—if wo paid not sufficient attention to the 
chemical part of tho problem. 

Jleforo wo can speak either of the mechanical 
efficiency of a piece of apparatus producing tho neces¬ 
sary contact, or of tho efficient utilisation of tho 
contact so produced, we must havb'somo measure for 
the contact itself—we must have a unit of contact. 


The amount of absorption which will tako place 
between a gas and a liquid will depend entirely 
upon the number of molecules of the gas which will, 
during a given time, impinge upon tho liquid—?.<■., 
it will bo proportional to the extept of the border- 
surface between the liquid and tho gas, to the number 
of molecules which impinge upon tho unit area of 
this surface in unit of time, and to.the length of time 
during which theso conditions obtain. As the num¬ 
ber of molecules which impinge upon unit-surface 
in unit of time is proportional to the pressure of tho 
gas, the pressure itself may be substituted for that 
unknownnlc number. I shall, therefore, deline (for 
the purposes of my comparison of tho efficiency of 
various apparatus) one unit of contact to mean that 
unknown number of molecules which would impinge 
upon unit area in unit of time if the gas exerted unit 
pressure. 

For technical reasons I choose tho following 
units :—As unit area, tho sqitaro meter ; ns unit pres¬ 
sure, 1 meter of water; as unit time, 1 second. So 
flint 1 unit of contact menus tho number of mole¬ 
cules of a gas which would impinge in one second 
upon I squnro meter area if tho gas were under a pres¬ 
sure of ono meter of water. 

Five units of contact might be obtained from three 
different sets of conditions ; wo might have live square 
meters’ area acting during ono second with tho gas of 
one meter pressure, or wo might refer to ono square 
motor acting for live seconds with a gas of ono muter 
pressure, or we might refer to a surface of one square 
meter maintained for ono second, the gas being under a 
pressure of live meters of water. In each of these cases 
the actual number of molecules impinging would bo 
exact !y tho same, and, consequently, if in all threoenses 
the chemical condition of tho liquid and tho gas were 
tho same, tho rate of absorption would also bo tho 
same. 

The mechanical efficiency of any piece of apparatus 
can thus be measured by tho number of such units of 
contact which it yields for u given expenditure of 
work, say for the expenditure of ono kilogrnmmctor. 

All apparatus for bringing into contnct liquids and 
gases can bo divided into three classes, according to 
tho method employed for producing tho contact- 
surface. 

(1.) Tho gas, divided into small bubbles, passes 
through a column of liquid. 

(2.)' The liquid, divided into lino drops, falls through 
a column of gas. 

(3.) Solids, with extensive surfaces and interstices, 
arc covered with tho liquid, tho gas filling up the 
interstices. 

A comparison of tho efficiency of these various 
classes of apparatus is vory difficult, mid 1 have not 
completely solved the problem ; but what I have 
done will, I hope, form a foundation for other inves¬ 
tigators, and form, to some extent, a guide to tho 
choice of apparatus for any given case. 

That such a choice is sometimes extremely difficult, 
is illustrated by tho various apparatus which various 
technologists prefer for’ ono and tho same process. 
Thus, for instance, i found when L came to this 
country, just at tho time when Mr. Weldon’s process 
for tho recovery of mnnganeso was about to bo intro¬ 
duced^ one chemist attempting to subdivide tho 
liquor in which tho manganous oxide was suspended 
into line spray, and allow it to fall through air. In a 
]latent (not Mr, Woldon’s) I found a proposal to pro¬ 
ject that liquid into the air by means of paddle- 
wheels. Then wo have M r. Weldon’s own solution of 
the problem.—tho best—which consists, as you are 
well aware, in injecting tho air into tho liquid. 

I shall coniine my remarks to-night to apparatus of 
the first class—that where tho gas is divided into lino 
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bubbles, and made to pass through a column of 
liquid. 

This method of trenting a liquid with a gas has, at 
first sight, the great disadvantage, that tho mechanical 
]lower required for the production of the contact is 
very great. Thus, for instance, it requires the ex¬ 
penditure of !)!)8 kilogrammeters to propel one cub. 
meterofgas through a column ofwaterone meterdec]i; 
so that the work done in propelling ono kilogramme 
of gas through one meter of liquid is equal to that of 
lifting one kilogramme of water 1000 meters high. 
When, in addition to this high expenditure of work 
per cub. meter of gas, we consider that every cub., 
meter of liquid has usually to be treated with an 
enormous bulk of gas varying in different technical 
irocesscs from 200 to 20,000 cub. meters, we need not 
ie surprised that nowand then attempts arc made to 
avoid using this apparently very costly method. 

The apparatus used for this mode of treating 
liquids with gases is usually extremely simple, and it 
cannot be too simple. In most eases the apparatus 
consists of a vertical cylindrical vessel holding tho 
liquid. At the bottom of the vessel is usually placed 
a system of pipes ending in numerous small orifices, 
so as to spread the gas and distribute it equally over 
tiie area of the vessel. The gas is delivered by an air 
pump, which compresses it to a pressure slightly 
greater than that due to the depth of the column of 
liquid through which the gas has to rise. In other 
cases the vessel is closed at. the top, and the space 
over the liquid is exhausted, so that the gas is drawn 
through the liquid instead of forced through. In 
other instances, for example, in the apparatus Mr. 
Chance used for carbonating the mixture of magnesia 
and calcium chloride, the vessel is closed at the top, 
mid provided with a loaded valve, so as to enablo the 
liquid to be treated under a much greater pressure 
than that duo to the column of liquid contained in 
the vessel. In all these cases, the work to bn done, 
and the result obtained, are very different. 

One great difficulty presents itself at once when we 
wish to deal arithmetically with the question of 
efficiency of this kind of apparatus. It is impossible 
to measure the surface which the gns bubbles present 
to the liquid ; we can only make some approximate 
estimation. Rut it is possible to ascertain how tho 
surface of the gas bubbles varies under different cir¬ 
cumstances, such as depth of liquid, nature of the 
liquid and the gns. I have made this the subject of 
a few experiments. Tho first question which I 
attempted to answer was, How does the size of a 
gas bubble issuing from a given orifice vary as that 
orifice is immersed to different depths in the same 
liquid? I found that the diameter of the bubble was 
always the same, however great I made the depth of 
the column, 1 varied the depth of tlio column from 
0.2 meters to 10 meters, and I found no greater 
difference than 1 per cent, in the valuo of the dia¬ 
meter of the bubbles, i repeated tho experiments 
with various orifices, which, of course, gave bubbles 
of different diameters ; but ono and tho same orifico 
always gives bubbles of one diameter, whatever tho 
depth of tho liquid above the orifice may be. Tho 
same result is obtained whether the orifice is simply 
tho end of a straight pipe, or whether it is a pin hole 
in a sheet of platinum; tho bubbles from the pin hole 
will bo smaller, but they are all equal to,ami indepen¬ 
dent of, the column of liquid above. I also found 
that for a given orifice the size of tho bubbles was 
independent of the nature of the gas. Whether tho 
gas wns hydrogen, air, coal gas, or carbonic acid 
gas, the bubbles from the snmo orifice were equally 
large. 'J ’ho only groat alteration in the size of tho 
bubbles is produced by a change in tho liquid itself. 
A very small uddition of alcohol to water will 


materially reduce the size of the bubbles formed by a 
given orifice. 

These experiments lead to the conclusion that the 
size of the bubbles obtained from any gns by passing 
it through a given distributor is independent of the 
ressuro above tho distributor. Of course, ns the 
ubbles rise they expand, and the amount of this ex¬ 
pansion will depend upon the height of tho column. 
•Rut at the point at which the bubbles leave the dis¬ 
tributor. their diameter will only depend upon tho 
size of the openings of the distributor, and upon the 
viscosity of tho liquid. 

The next question which I tried to settle by ex¬ 
periment wub, How do the bubbles move upward, is 
their velocity accelerated, or retarded, or uniform ? 
And, if possible, I wanted to obtain its magnitude. 

The velocity of bubbles in a wide glass tube I found 
so small that, by means of a metronom beating 240 
beats a minute, I could obtain some approximate 
idea of the velocity. I found no appreciable accelera¬ 
tion ; the motion was, as far as L could judge, per¬ 
fectly uniform. I ascertained the velocity to be about 
0’3 meters per second, or not quite ono foot per second. 
I felt, however, that the results of so rough an ex¬ 
periment would not form a secure basis for any im¬ 
portant calculations. Conclusions from an experi¬ 
ment, where one bubble was mado to rise, and only 
one, through a quiescent liquid, miglit not apply to a 
case where thousands of bubbles arc on their way 
through a liquid in violent agitation, as we have it in 
a Weldon oxidiscr. I therefore endeavoured to 
ascertain tho average velocity of such bubbles in a 
Weldon oxidiscr. This, at first sight a difficult 
problem, is really very easily solved. Owing to the 
slow motion of bubbles through the liquid, tliero are 
a considerable number of them on their way through 
the liquid at any moment, they displnco a certain 
amount of liquid, consequently tho level of the liquid 
rises. If we measure tho amount which tho liquid 
rises, ascertain at the same time the rate at which 
the gas is pumped through the liquid, also the height 
of the liquid when quiescent, and the area of the 
vessel, wo have ail tho data needed for calculating 
tho average velocity of the air bubbles in the Weldon 
oxidiscr. Clearly tho amount of liquid displaced 
gives us tho amount of gas in tho liquid at any 
moment, from the distributor to the surfaco of tho 
liquid. Fancy you followed with your eye tho bottom 
layer of bubbles ns they gradually rise ; by tho time 
this layer has arrived at tho surface, tho whole.vessel 
has been supplied with as much gas again as it con¬ 
tained when that layer was at the bottom; therefore, 
the time which it takes for the air pump to supply 
that gas is also the time which that layer of bubbles 
required to rise to tho surface. 

i f D is tho depth of the liquid when quiescent, and 
d the amount it rises, when gas is blown through it 
nt the rate of (J volumes per second (measured at tho 
nverngo pressure in tho liquid) and if A is the area of 
the vessel, tho amount of tho liquid displaced will be 
A.d., tho number of seconds which it will take to 

deliver that amount will bo ^-and in seconds 

W (J 

tho gas bubbles riso through tho total height 
D + d., consequently their velocity is 
V -C(»-Hl) 

A.d. 

I will give the results of ono such experiment, which 
serves as a numerical examplo. An oxidiscr wns 
charged to a depth of 10 feet, it had mi area of 100 
square feot; air was blown into it nt the into of 14 8 
cubic feet (measured at a pressure of 71 feot of liquid). 
1 found tho chnrgo to rise 2 00 feot. Thus the dis¬ 
placement was 2 IK) cubic loot, and tho timo nocessary 
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to deliver this amount 18'3 seconds, this being nlso the 
tinio necessary for the bubbles to pass through a 
column now 17*GG feet in height. The average 

velocity is thus or 1)3 feet per second. This 

shows that the average velocity in such apparatus 
docs not differ materially from that found in the 
experimental tube, (before passing on with mysub- 
ject, I will just draw attention to the fact, that the 
velocity of bubbles being taken at 1 foot per second 
approximately, the formula just given may be used 
for calculating the amount which a liquid will rise in 
any vessel when gas is blown through at a certain 
rate; the formula for that purpose assumes the form 
d = b.C 
vA.-Gv 

Thus my experiments made also with various depths 
of liquids have shown me that for practical purposes 
the velocity of these bubbles is nearly constant, and 
about 0*3 meters per second. 

Owing to the fact that the diameter of the bubbles 
is always the same whatever the pressure is, one cubic 
meter of gas measured at atmospheric pressure will 
not always yield the samo surface in the same distri¬ 
butor, that depends upon the depth of the column of 
liquid. For although the bubbles are always of the 
same diameter, .the weight of gas contained in one 
bubble is of course greater the greater the depth of 
the column of liquid. 

As the bubbles rise through the column of liquid 
they expand, and thus enlarge their surface. At the 
same time the pressure diminishes. It is not difficult 
to calculate the total number of units of contact thus 
produced for each bubble in rising. If this is multi¬ 
plied by the number of bubbles which would make up 
one cub. meter of gas at ordinary barometric pressure, 
a formula is readily found, which will give the num¬ 
ber of units of contact produced per cub. meter of 
gas. 

For the three modifications of apparatus in which 
bubbles are made to rise through the liquid, these 
formula; are the following three 

(1.) For blowing gas through a column of depth D, 
the barometric pressure being b meters of the samo 
liquid, and the velocity of bubbles 0*3 meters a second 
/.• tho co-cllicient of distributor—/.<*., number of square 
meters it produces per cub. meter of gas, when the 
bubbles issue at atmospheric pressure. 


(1.) Units of contact per _* 10 ]) 7 b • 

Cub. meter gus . j *° \ l+ b ~' / lT+l) i 

(2.) If tho gas is pulled through tho vessel bj 
a vacuum pump, the symbols having the saint 
meaning— 


(2.) Units of contact per 
Cub. motor bus .. 


*•* ■(' - (WtI 


(3.) If tho gas is compressed and passed through a 
column of liquid of depth D, and allowed to escape 
through n loaded valve maintaining an absolute pres¬ 
sure n at the surface of the liquid, tho units of contact 
will be— 


(3.) Unltsofeontuetpor _ 10 , 

Cub. meter B«s.. i ‘*° 



7 


Such formula: in themselves convey to thoso not 
accustomed to read them no information whatever. I 
shall, however, give below a numerical comparison, 
which will show a striking difference in tho cost of 
tho threo methods. 

I have defined tho eflicicney of a piece of apparatus 
ns the number of units of contact produced per kilo- 
granunetcr of work spent. If tho amount of work to 
be done per cub. meter of air is known, we have only 
to divide the units of contact by tho number of kilo* 
grammotors to obtnin tho eiliciency. 


Supposing, in the lirst instance, we had a vessel 
holding 4 meters a liquid of sp.gr. 1*03, for which 
5=10, at the bottom of which we had a distributor 
yielding bubbles of Ginm. diameter which yields nor 
cub. meter 1000 square meters of area, so that 
k= )000. The number of contacts which would bo 
obtained— 

1. If the vessel is open at top, and the gas forced 
through, it would be according to formula (1) 120,523 
per cubic motor. 

2. if the vessel is closed at top, and the gas drawn 
through by a vacuum pump, according to formula (2) 
123,483 per cubic meter. 

3. I f the vessel is closed at the top, and tho gas 
escapes through a loaded valve at a pressure of 1 
atmosphere — 14*7lb. to the squaro inch = 20 , 4lb. 
absolute or=20 meters of otlr liquid, wc have 120,475 
per cubic meter. 

These numerical results show that as far as tho 
intimate contnct is concerned, the same distributor 
will produce very nearly the same number of con¬ 
tacts whichever way it is applied. 1 discovered 
this fact—viz., that a given distributor produces the 
same result with the same height of column abso- 
j lutely, whether the pressure above that liquid bo 
; 35lb. to the square inch or nil lirst, on experi- 
; nicnting on the large scale with a column of 
< liquid 10ft. deep, containing caustic alkali which 
! had to be carbonated. The percentage of car- 
! bonic acid absorbed is independent of the pressure of 
I the carbonic acid gas, whichever of tho three modes 
I of applying gas to the liquid is chosen. Rut when wc 
; come to consider the power employed to nroducc this 
contact, we find it for the three cases to be :— 

1. For simply blowing tho gas through four meters’ 
depth of liquid per cubic meter of gas, 3043 kilogram- 
meters. 

2. For simply pulling the gas through four meters 
of liquid, -1804 kilognunmetcrs. 

3. For keeping the liquid under a pressure of one 
atmosphere . . . 10,274 kilograinmcters. 

Tho eiliciency of the apparatus is therefore:— 

No. 1.31*73 units per kiloBruiamutcr. 

No. 2. 23*23 

No. 3. 12 U0 

These results show that tho method of simply 
blowing air through a liquid is by far the cheapest of 
the three. Theoretically, the cost decreases as the 
column of liquid is increased, for methods one and 
three. Thus for 10 meters’ depth of liquid, the 
eiliciency_of Nos. ] and 3 become— 

No. I.. 3S*12 unltsof contact perkilogninuhetor. 

No. 3..2310 

but practically, the eliieicncy becomes less and less, 
owing to the dilliculties which present themselves 
when gases liavo to be pumped against very high 
pressures. 

The eiliciency of tlicsccond modification diminishes 
very rapidly as the column is increased in height. 
That mothod is always to be avoided whenever it can 
bo avoided, it is usually only employed where cor¬ 
rosive gases liavo to bo absorbed, so ns to avoid con¬ 
tact between the propeller and the corrosive gas. 

Thero is one great drawback in nil three modes: it 
is dillieult to have a perfect counter-current, which for 
most chemical reactions is of very great advantage. 
Ry counter-current, I mean two streams moving in 
opposite directions, so that tho saturated liquid leaves 
tho apparatus where the fresh gas ontors ; whereas, 
the exhausted gas leaves tho apparatus whero tho 
fresh liquid enters. This cannot bo arranged to per¬ 
fection with the method of gas bubbles, but in every 
other respect that mothod is little inferior to any. 
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DISCUSSION. 

Ill answer to questions, Dr. Huiiteii said that 
the pressures mentioned in liis paper were absolute, 
and included barometric pressure; thus, ho would 
call an absolute pressure of gas *1, which was cap¬ 
able of overcoming a column of water *1 meters m 
height. 

Dr. Ca.mi’Iiei.i. Drown, while admitting that Iho 
paper was a model of philosophic argument andcloso 
reasoning, felt that the results arrived at were cer¬ 
tainly unexpected. Me would like to know whether 
air and water only, or whether soluble gases, such ns 
chlorine, had been used; as the latter would compli¬ 
cate the results, but at the same time render them 
more valuable. 

The Chairman asked how tho force was measured 
in the case of a vacuum. 

Mr. Thompson asked whether the size of the bub¬ 
bles bore any ratio to that of the apertures 1 Also, 
supposing that an excess of force above that neces¬ 
sary to overcome the column of liquid were used, 
would the velocity of tho bubbles be materially 
increased 'I In making some silicolluoric acid a 
short time since he had found that when ho inserted 
his delivery pipe under mercury covered by water, 
the bubbles, which at first were large, diminished 
rapidly in size, until at last, when the gas became 
pure, they were reduced to very small dimensions. 

Dr. JiuRTKR, in answer to the Chairman, said. that 
his figures were theoretical; in practico this elliciency 
was never realised, and tho force required vastly ex¬ 
ceeded that deduced from calculation. In answer to 
Mr. Thompson’s question as to the size of the bubbles, 
he had not as yet satisfactorily determined their rela¬ 
tion to that of the apertures. As regarded velocity, 
force above that required to overcome the pressure of 
the column was useless, as friction soon reduced any 
extra velocity so obtained to that of ordinary lloata- 
tion ; ns regarded silicolluoric acid, as the gas 
increased in purity the bubbles diminished, until, with 
pure gas, they saw no bubbles at all. 

Dr. Hewitt said that the late Dr. Angus Smith 
had been in favour of absorbing hydrochloric acid by 
means of a spray, and had shown him a design of 
apparatus to effect absorption by such means. Dr. 
Hurler evidently dissented from this notion. If, then, 
some definite law could be established, these ques¬ 
tions would censo to become mere matters of opinion. 

The Chairman said that the meeting Mere much 
indebted to the author for his valuable communica¬ 
tion. Ho must confess his surpriso at the figures 
given for the disproportion between tho amount of 
forco expended when gas was passed through a 
liquid in the one case, and presented in the form of 
spray in the other. Ho had always been in favour 
of tho former method, but had no idea that tho dif¬ 
ference in cost was so great. Corrosive gases, how¬ 
ever, required special methods of absorption. Many 
patents had been taken out for nbsorption in tho 
form of spray, but it was well that manufacturers 
should bo made awaro that such methods involved 
great cost. 
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Watson Smith—“The Violet Stains appearing on Sized 
Cotton Cloth” {/Crpcrimentally Illnnir(Ucd). 

Notices of papers and communications for the meetings to 
bo sent to tho Local Secretary. 

The opening meeting of the session was held in the 
Chemical Club Rooms at the Victoria Hotel, on 
Tuesday evening, 3rd November. Tho Chairman 
(Sir Henry E. Eoscoe) in the chair. 

The Chairman, after congratulating the members 
on the convenient situation of their meeting room, 
and on the active and promising condition of their 
Section, proceeded to point out the success achieved 
by members of the Society at the International In¬ 
ventions Exhibition. Tho award of gold and silver 
medals in such large numbers to members of our 
Society was a very satisfactory state of things, as it 
betokened activity and showed that in the essential 
conditions of originality and of practical power the 
industrial chemists of England were not behind thoso 
of other countries. 1 Le then alluded to tho great loss 
which the Society had sustained in the lamented 
death of their late President, Mr. Walter Weldon, and 
paid a well-deserved tribute of affectionate respect 
to the memory of one who had raised high the stan¬ 
dard of science in its applications to the most impor¬ 
tant of our national chemical industries, nnd whoso 
name would for ever he honourably associated with 
those industries, and with the Society which he 
helped to establish and did so much to adorn. 

-- 

NOTE ON ANTIMONY COMPOUNDS USED 
IN DYEING AND PRINTING. 

BY 11. W. OKRI.AND, 1*11.1). 

The use of aniline colours in cotton dyeing and 
printing was largely extended by tho introduction, 
through Messrs. Brooks .t Co., of this city, of tartar- 
emetic for fixing baths. Thu efliciont constituent of 
the tartar emetic is antimonious oxide, which forms 
an insoluble lako of great resistance with the colour- 
tannate. The other constituent, bitartrate of potass 
(a rather costly substance, and likely to become 
clearer in consequence of tho spread of tho vino 
louse nnd increased demand), only serves to keep tho 
metallic oxide in solution, and is lost with tho waste 
waters. As tho metallic oxide only amounts to 
437 per cent, of the salt, its price ill this form is 
very much enhanced. At the time, tartar emetic was 
tho only compound of antimony in tho market pos¬ 
sessing the required qualities, and efforts were now 
mndo to discover one combining cheapness with tlicso 
properties. As tho outcome of these wo have now 
two substitutes that aro largely sold. . One is tho 
fluoride of antimony proposed by Mr. S. Alellor, of 
tho Magnesium Metal Company, nnd manufactured 
in threo forms by this firm—tho acid and tho neutral 
liquids, and tho third ns a whito crystalline powder. 
Tho latter dissolves readily in boiling water, and like 
tho others, can bo diluted with water without separa¬ 
tion of antimonious oxide. I am informed that of 
all antimony preparations theso aro the cheapest, ami 
givo satisfaction ill tho absence of light colours and 
ultramarine, which is discharged ovon by their dilute 
solution. I was anxious to experiment upon theso 
lluoridcs, but tho samples kindly sent by tho Com¬ 
pany only arrived yesterday. The other substitute 
for tartar omotio is tho double salt of antiiiioiiioUB 
and potassic oxnluto, supplied largely by Messrs. 
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Rudolph Koepp it Co., of Ocstrich on tlio Rhino. 
Tliey submitted this preparation to tlio judgment of 
I)r. Noelting, Professor of the School of Chemistry 
in Mulilhauseu, and received a very favourable re¬ 
port. According to this, the doable oxnlato did not 
only do the work ns efliciently and as well as the tar¬ 
tar emetic, but it could, moreover, replace the latter 
weight for weight, although containing only a little 
over one-half the quantity of antimony. Ur. George 
Uirzel, of the Augsburg Printworks, instituted 
comparative trials betweon the oxalate and tartrate, 
and arrived at results differing widcly.from Nociting's 
(Ch’ Ui. Xi it. No. -11, page :i25). Nociting’s reply soon 
followed, and as this enters fully upon all points, and 
gives also the opinions of Mi'thlhauseu printers, I 
cannot do better than lay a full extract of the same 
before you. 

llirzel mentioned trials on a largo scalo with 
printed pieces, which were fixed in baths containing 
respectively lOgrm. tartar emetic, lOgrm. antimony 
oxalate, and a third containing liigrm. of the latter 
per litre. The quantity of antimony in this hath was 
equal to that of the lOgrm. tartar emetic bath. The 
pieces taken through the tartar emetic bath showed 
the fullest and brightest colours ; those fixed in the 
weaker oxalate bath wore weaker in colour, ami even 
the colours of those which had been through the 
stronger oxalate solution were not ecpial in depth to 
the lirst jot. Similar results were obtained in a 
neighbouring printworks, and there a want of bril¬ 
liancy in the colours was noted in the pieces fixed 
with the oxalate in comparison to those lixed in the 
tartrate. No better results wore obtained by adding 
chalk, soda, or other neutralising agents to tlio fixing 
baths. Noelting, after referring to the results obtained 
in his laboratory, states that these have been com¬ 
pletely verified in the Miililhausen Printworks, 
where the antimony oxalate is now used regularly, 
and explains tlio greater ellieaey of the antimonious 
oxide in the oxalate by the greater inclination to dis- 
associtition of the latter. The fixation of the tan¬ 
nin is consequently quicker and more complete, but 
tlio baths are sooner exhausted, which, however, is 
an advantage, since the tartar emetic baths have 
oftener to bo renewed before exhaustion, in conse¬ 
quence of having become fouled by colours stripped 
from the prints. The oxalate, according to the ex¬ 
perience of Miihlhau.seii dyers, can also be used for 
uni-dying, where tlio cloth mordanted with tannin 
js taken through the antimony bath and then dyed. 
In this case the oxalate also replaces an equal part of 
tartrate. Mr. Felix Weber, in a paper on compara¬ 
tive trials of antimony preparations, laid before the 
Chemical Committee of tlio industrial .Society of 
Miililhausen, pointed out the applicability of the an¬ 
timony oxalate in every case. Noelting accounts for 
Hirzol’s unfavourable results by the largo quantities 
of oxalate used m the trials—viz., lOgrm. and lttgrm. 
per litre, whilst figrin. is quite sullieient, and is sup¬ 
ported herein by the experience of colourists, who 
ind that such strong solutions yield worse results 
than weaker solutions, and that, specially in steam 
colours, tlio colours associated with tannin sillier. 
Tlio statement of Hirzel’s that tlio colours fixed by 
tlio oxalate aro less brilliant and fast than those 
lixed by tartar emetic, is contrary to tlio experience 
of Miililhausen. The separation of insoluble basic 
antimony oxnlato complained of by llirzel has no 
disadvantage, since its precipitate fixes tlio tannin 
perfectly. Trials laid before the Chemical Committee 
by Mr. A. Hesters, repeated and confirmed by Mr. 
Weber, provo that freshly-precipitated antimonious 
oxide suspended in wator, causes a'comploto fixation 
of tannin. Noelting docs not expect that a fow un¬ 
favourable results will cause the antimony oxalate 


to bo abandoned, after having become of general and 
extensive u.so among the printers of Miililhausen, 
and winds up his reply with the advice to practical 
men—“Try for yourselves.” 

This advice is to be taken to heart by printers and 
dyers most particularly. In these arts we have to 
deal with conditions and forces of which our know¬ 
ledge is at best hazy, and speculations based upon 
such foundation can only become of valuo when 
tested by experiment. 

As. regards the fixation of colour tnnnates by tartar 
emetic, it is asseitcd that the antimony of the latter 
combining with tlio tannato forms an insoluble com¬ 
pound, an antimony lako similar to baryta being 
precipitated by sulphuric acid. That this is not so, 
but that other forces, perhaps attraction of the fibre, 
come into operation is evident from the following 
observations:— 

A solution of tartar emetic, ten to 1000, is precipi¬ 
tated by a strong tannin solution, one to Jive, but 
not by one of one-tenth that strength. 

A solution of the oxalntc, liftcen to 1000, contain¬ 
ing the same amount of antimony (sec analysis below) 
is still precipitated by the weaker tannin solution. 
Rut a solution of three to 1000 is precipitated only 
after some time. 

Tlio colours, at least some, combine with the nnti- 
monious oxide, forming insoluble compounds in 
solutions of both the oxalntc and the tartrate, but the 
limit of dilution is in this case even less favourable 
than with tannin. The presenco of gum does not 
assist the separation of the antimony tannate. Tt is, 
however, easy to precipitate every trace of antimony 
from the weakest solution of the oxalate or tartrate by 
means of tannin, and wV« vnvti, by adding a small 
quantity of. some neutral salt—for instance, sodium 
chloride. This precipitate is insoluble in water and 
in an excess of the. antimony solution, but soluble 
(and this is of great importance to tlio fixing process) 
in an excess of tannin. Considering tlicso experi¬ 
ences, I recommend for the fixation of tannin or 
tannin colours in antiuioniaual baths an addition of 
common salt, either to the colour or to the bath, and 
expect that from two to live per cent, of the water 
will be found sullieient. 

In conclusion, let me add tlio result of an examina¬ 
tion of the oxnlato in crystals, received from Messrs. 
Koepp it Co. 

These crystals are well formed and transparent. In 
the steam bath they soon become opalescent, then 
opaque white, with mother-of-pearl lustre, and con¬ 
tinue to loso weight for a very long time (1-1 hours 
for j'ogrm.). No further loss occurs at 150 u , and no 
oxalic acid is dispelled at that temperature. Tlio 
composition ngrees with that of Soucliny and Lossen’s 
.salt: UK.jO, (iC.jO;,, SIimO.-., 12]LO {Ann. 1‘Unrm, 
105, 250), with tlio exception of water, which amounts 
to only 2 - 57 molecules, ns the following tables will 
show :— 

l’ouml. U.ilcul.itril fur. 

Antimonious oxitlu .. 2.VKI .Sl),0., .. 2! 12 .. ffiVfll 

J'otims . arts aic.o .. 2sc.. aiiai 

Anhydrous oxalic ncltl :ts*l 1 UU-'O, .. 132 -.. 37’82 

Water (luaslit 150)_ lriH) 

Hi) 1)7 

DISCUSS) OX. 

Mr. Mi:r.i.on said that his attention had been 
directed to tlio oxalates of antimony about six years 
ngo, and sinco then more than n hundred samples hncl 
been tested in his laboratory. The lirst samples 
contained 10Ti per cent, of antimony (estimated us 
metal), later samples contained about 18 per cent., 
but now they could bo bought containing 22 to 22.t 
per cent. Speaking in round numbers, the percent¬ 
age of antimony estimated as motal, unci not as oxido, 
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of tlic three salts of antimony mentioned by the 
author, were antimony oxalate (lirst quality) 22 to 
22A per cent., tartar emetic 35 to 35A j>er cent., and 
antimony llnoridc 39. per cent. Inasmuch ns it was 
the antimony contained in any of these salts which 
served to iix aniline greens and blues, the buyer had 
in these percentages a standard of value for the 
article ho was using. Considerable annoyance and 
loss had occurred to printworks managers from the 
sale to them of the oxalate as true tartar emetic, and 
its indiscriminate uso in all styles of work. He 
would therefore strongly urge them not to use tartar 
emetic substitutes in any prints or combination of 
patterns which involved the use of ultramarine blue, 
dove, or brown colours, but with all other colours the 
substitutes would servo with equal advantage, always 
provided that the percentage of antimony was equal 
to that contained in tartar emetic. 

Air. Walkiir had found by experience that it is 
best not to use the oxalato to line greens and reds in 
combination, but for other colours tho results had 
been very satisfactory. 

Air. Lhvixstkin felt that the question whether anti¬ 
mony oxalato could in practico replace tartar emetic, 
weight for weight, in fixing tannate lakes or materials 
containing tannic acid, notwithstanding that the tartar 
emetic contained nearly twice ns much antimony 
oxide, was not alono of interest to dyers and printers, 
lint also to English manufacturers of antimony com¬ 
pounds. So far as he was aware, the oxalate was not 
made in this country, and no doubt its manufacture 
would be gladly taken up if English makers could 
be sure of a market. Opinions were, however, 
divided as to its action. Noelting, and with him 
0. N. Witt, asserted, ns they had heard, that the 
oxalato could fully replace the tartar emetic, not 
only for fixing tannate lakes, but also in uni- or 
single-colour dyeing. On the other hand, Hir/.ell 
holds the opposite view, and his experiments had 
been in some degree confirmed. Noelting tried to 
explain Ilirzell’s failure by attributing it to the 
use of too concentrated solutions. Clearly, then, 
this divergence of views pointed conclusively to the 
necessity for further investigation. Did equal quanti¬ 
ties of oxalato really replaco equal quantities of tar¬ 
tar emetic ; and if so, could tho former be used in all 
instances 1 According to Witt, oxide of antimony in 
the form of oxalate fixed tannate lakes more easily, 
or, in other words, the oxalato dissociated its anti¬ 
mony oxide more readily than tartar emetic. It was 
well known that in ono case the residual product of 
decomposition was acid potassium oxalate, and in the 
other acid potassium tartrate. What was the action of 
these residuals on colours? In uni-colour dyeing, 
where fabrics wero first impregnated with tannic 
acid and immersed in tartar emetic, it might bo 
practicable to keep the latter in permanent use, 
unless Witt’s contention, that antimony tannate dis¬ 
solved more easily in acid potassium tartrate than 
in acid potassium oxalato, were proved to bo 
just. Even this, howovor, was not conclusive, as it 
would be ipiito possible to find means to assist in the- 
dissociation of tho salt, or counterbalance tho injurious 
action of the residual acid potassium tartrate. Thcso 
points should bo set at rest, and in tho menntimo he 
would urge dyers who still adhered to tin preparations, 
to mnko themselves better acquainted with tho action 
of antimony compounds on tannic acid or sumac, by 
which undoubtedly more brilliant lakes wero formed 
than by either stannato of soda or muriate of tin. It 
might bo inferred from tho author’s paper that 
Alessrs. Kocpp first introduced this oxalate. This 
was, however, not the caso, as tho salt had wittingly 
or unwittingly been in uso in England for years. To 
Alessrs. Koopp, howovor, must bo granted tho credit 


of being the first to produce and sell it under its 
proper name. 

Dr. Grossman' quite agreed with Air. Levinstein as 
to the importance of proving the comparative values 
of oxalates and tartrates, and thought that there was 
no one better qualified for the task than tho author. 
Alany years ago Dr. Gcrland had published n volu¬ 
metric method for the quantitative determination of 
tannin by means of tartar emetic, and had then 
pointed out tho influence exerted by neutral salts 
upon the precipitation. Having regard to this in¬ 
fluence of neutral salts on tho precipitation of tannin 
and antimony, it seemed to him tlint the divergences 
of opinion mentioned might arise from the fact that, 
in tho recorded experiments, various disturbing in¬ 
gredients had been present, and influenced the re¬ 
action. Whatever might be tho result of the dis¬ 
cussion, he trusted that chemists would not lose sight 
of Dr. (Jerland’s quick and reliable method of esti¬ 
mating tannin, which hitherto had not met with tho 
recognition which it deserved. 

Air. Watson Smith drew attention to the fact'that 
in tho August number of this Journal, page -193, an 
abstract of a paper in the liullvtin tic l<t Sac. Jmt. <!<: 
.Vttl/tottxc (1885, 318), appeared, entitled, “ The Use of 
Oxalate of Antimony in- Printing.” This paper, by 
E. Jacquct, contained directions for the use of anti¬ 
mony oxalato in printing, and these were of value as 
arising from the practical experience of a Aliihlhauscn 
expert. 

Tho Chairman thoroughly agreed with Air. Levin¬ 
stein in urging the necessity of further’experiments 
to determine t lie efficiency and economy of the rival 
salts. 

—— 

ON THE VALUATION OF CRUDE NAPHTHAS 

OF COA1 AIEllCE. 

11Y CKOltOK K. DAVIS. 

CuuDi: naphtha—first runnings, or tho light spirit of 
coal-tar—is the raw material from which most of tho 
purified benzols of commerce arc prepared, and ns it 
varies very much in quality, it is generally sold by the 
indications yielded by some chemical test. 

The method usually employed is to distil a quantity 
(generally lOOcc.) in a tubulated glass retort, and to 
catch the quantity distilling aver, up ton temperature 
of 120’ C., the bulb of the thermometer being im¬ 
mersed the wholo time in the boiling liquid. What 
is considered an average samplo of crude naphtha 
should yield, on distillation, 30 per cent, (it 120° C., 
and this is generally tho basis on which this article is 
sold, so that contracts are usually made at so much 
per gallon for 30 per cont., with a rising or falling 
allowance per degree (or every one per cent.) within 
reasonable and pre-arranged limits. 

Critdo naphtha varies in quality according to the 
source of the tar from which it is distilled, and writing 
from tho examination ol' a large number of samples 
extending over upwards of ten-years, and from tho 
results of working on tho large scale, I can confidently 
say that tho foregoing method of testing is both 
illusory and unsatisfactory. Sellers may prefer the 
test on account of its simplicity, but buyers of crude 
naphtha and rectifiers of bonzol usually hnvo somo 
secret method of tlioir own, which they employ when 
offering for a parcel by samplo, and so nro often able 
to avoid making a doubtful purchase. In tho caso of 
contracts it is different—if snv twolvo monthly 
dolivories have to bo made, each parcel may vary 
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widely in its composition to tlie detriment of the 
purchaser, and yet the seller be well within the four 
coiners of his contract. 

Such a state of things needs reforming, and now 
that crude naphtha is practically unsaleable, this 
seems the time for inaugurating a change. It must 
not be forgotten, however, that the sellers of crude 
naphtha nnd the refiners of benzol are not always 
brought into contact with each other. Most of this 
business is in the hands of agents, who write round 
to sellers for samples of what they nave to dispose of. 
These samples are tested (generally by a lad in the 
office) for what they will yield at 120“ C., and offers 
arc then requested from the refiners. Hero then is 

nn L ^11 _ 1 _ l .1 i t_ « .1. . 
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draw his own inferences, if a sample was sent with 
the inquiry, but this is not always done, the test alone 
being sent. 

In the case of no sample being sent, the purchase 
of a parcel of crude naphtha is a very risky thing, and 
can only be dealt with commercially, by allowing 
sufficient margin to cover the risk—tins is the seller’s 
loss. On the other hand, it is not the only quantity 
to be taken into consideration, as even with samples 
before them distillers vary exceedingly in the prices 
they offer for one and the same parcel. No doubt 
this is in a great measure due to various methods of 
valuation, and if the lowest value offered yield but an 
honest profit, the highest must bo a failure. I say a 
iailure guardedly, not inferring an absolute loss, as a 
rectifier may have to make future deliveries at good 
prices, which may warrant him offering more than his 
neighbour; but if lie pays for his crude material more 
than the market price of the day at the moment of 
purchase, he is not a shrewd financier. 

Crude naphtha is valuable only for the benzene, 
toluene, and solvent naphtha it contains, so that an 
adequate method of valuation should take them all 
into consideration. The distillation test to 120° C. 
will not differentiate these products, nor will it give 
any idea of what can be positively realised on the 
large scale. A considerable portion of the bulk, too, is 
often eliminated during the washing with acid and 
soda, and of this varying quantity the test takes no 
account. How can it then stand its ground 1 

As an average of many samples from different parts 
of England, the following distilling points are 
given :— 

Sl>. Or. I00 1 110'' 120’ 1I0‘ 170' 200' 


in this case there is but a small proportion of 
“solvent,” of which the rectifier expects to get his 
due share. 

The average test of a large number of samples of 
crude benzol, obtained by my process at the ltocking- 
iinm Gas Works, gave the following test, showing how 
little “solvent” there is in it:— 

Sp. Gr. 100' 110' 120' 110' 170' 200' 

•600 111 S3 00 00 OS 00 

Thcrc_ is another class of benzols or naphthas often 
| requiring valuation—viz., “twice-run naphtha,” which 
| term may mean almost anything, and yield products 
! even more various in their character than the products 
! direct from tar. Some makers of it collect the lighter 
portions in one tank, and the “tailings” in another, 
the first, being richer, is sold by sample, the second 
generally goes to those who have been foolish enough 
to contract exclusively for the 120° C. test. The 
following nro some distilling points of this class of 
naphthas :— 
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flic distillation test at 120’ C. could not bo applied 
m the case of a very rich naphtha, such as that ob¬ 
tained from the gas in the carbonisation of coal, for 


It may be inferred, with safety, that the simple 
specification of so much per cent, distilling at 120° C. 
is no guide whatever to the amount of valuablo pro¬ 
ducts the rectifier can get from a parcel. 

Some yenrs since I was asked to verify the ccrtifi" 
cates of a number of deliveries of crude naphtha by 
means of a specified test, which, being much better 
than that just described, I will give in detail 
lOOcc, of the naphtha to be distilled in a 200ce. Ilnsk, 
with n thermometer nrranged so that the bulb slinll 
be just oil' the bottom of the flask. The distillate to 
bB caught in a lOOcc. graduated measure, and the 
yield at the following points taken :—100°, 110’, 120’, 
HO’, 170’, 200’. _ The quantity which shall have pnssed 
over at 1-J0’ C. is to bo again distilled, and the yield at 
100’ C. and 120“ O', noted. All which passes over up 
to 100’C., in the second distillation, is called Benzol; 
that which passes between 100’ C. nnd 120“ G\, in the 
second distillation, is called Toluol. Beni iY<tp/tt/ta 
(Ni) is that which passes between 120’C. in second 
distillation and 170’ C. in the first.; Second lYup/tl/tu 
(N»), that caught between 170 (J— 200’ C. in the first 
distillation ; nndCreosote (C), the difference between 
lOOcc. and the yield at 200° C. in tho first distilla¬ 
tion. 

The following are some tests, by this method, of 
samples which passed through my hands at that 
date :— 
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Now although this method appeared to suit certain 
buyers it seemed to me necessary to examine a large 
quantity of these products, and for this purpose five 
bottles were used to collect the different fractions 
from many samples. The distillation of them showed 
as follows :— 


85* 

30’ 

95’ 

100’ 

110’ 

120’ 

2 

IS 

71 

so 

90 

95 

100* 

110’ 

120’ 

130’ 

135’ 


iJ 

75 

"sir 

”oT 

90 
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1G0’ 

170’ 

ISO’ 

13 

*13* 

"FT 

FT 

91 

93 

ICO* 

170" 

ISO’ 

100’ 

200’ 


2 

31 

IT 

i r 

87 



The creosote in the fifth bottlo crystallised into a 
solid mass. The abovo shows clearly that the method 
is not exact enough for times of great depression and 
minimum profits, and, moreover docs not indicate 
truly the maximum price which may be offered to 
tho seller. The “benzol” js only of 80 per cent, 
quality, while tho “ toluol ” is nearly a 00/00 benzol. 
The naphthas (N^ and N.,) arc but mixtures of 
solvent and light oil, which have to-day very different 
valuation figures. 

As n comparison to the foregoing, I have lately 
applied the method to the valuation of tho crude 
benzol produced from coal gas, and have arrived at 
the following figures :— 


85’ 

90’ 

ftV 

10u' 
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IF 

"tT 

S3 
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dry. 
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15 
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13 
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The creosoto was a completely solid and hard cake. 

These tests show that nlthough the methods usually ' 
employed may givo the distiller some faint guido of ] 
the quantities to be expected from the still, they can j 
scarcely be called scientific, and for one good reason, 
that they do not take into account tho products 
eliminated during the washings with acid and soda, the 
loss in these operations being often very great. To 
take a case in point—1500 gallons of crude naphtha 
(for sake of identification wo will call it 1113) tested ; 

H T X, X. C 


This quantity, after washing with ROY and soda, 
measured 1200 gallons, and tested 

n T X, X- c 

‘JO 11 21 9 27 

When this quantity was worked in a still of tho 
best construction, the yield was 

'MV. benzol . SIS u«llons=23v 

bmr/.ol . 302 ,, 

Solvent naphtha .... 15(1 „ = 10,4 

The test would therefore lead us to suppose that 


iuit certain much more solvent naphtha could be obtained than 
ine a large was actually the case. 

.ivpose five In another instance, 1000 gallons of crude benzol 

; fractions from gas of our own make, tested 

nil showed I* 'V N t X i C 

<0 0 0 4 11 

190 . After washing with R.O.Y and soda it measured 

—— 1440 gallons, and tested 

95 li t X, X, c 

G!) 5 y 1 11 

When worked in tho still it yielded 

1C n* 90*4 benzol. UGG gallons=77'7/£ 

lbU Solvent naphtha.... 33 „ = 2’2;/ 

'J3 Hero the test indicates much nearer the yield on the 

large scale than with crude naphtha; but there is 
very little, if any, of the crude benzene from carbon- 
.. ising to be found in the market. 

Used into a The method I have found to be of great service in 
:ho method (,] 10 valuation of crude naphthas is as follows:—200cc. 
ression and 0 f f] ie crude naphtha are agitated with 20cc. of con- 
ot indicate ccn trated oil of vitrol in a globular, stoppered separ- 
ottered to ating funnel of HOOce. capacity. After agitating well 
3 per cent. f or |j vo minutes, allow to settle, and run oil* tho 
)/00 benzol. ac ;j carefully so that nothing is lost. (It is better 
uxturcs ol sometimes to give two washings with R.O.Y. of lOcc. 
rydillcrcnt each, instead of one washing with 20cc.) Now wash 
twice with :!0cc. of water each time, running off the 
liave lately wash waters very carefully, then add 30cc. caustic 

the crude soc la solution (sp. gr. 1000) and again wash with 

s arrived at water. Pour the washed naphtha into a measuring 
jar and determine the percentage loss. All is now 
I ready for the distillation. Measure oil - lOOcc. of 
j the washed naphtha, less the percentage loss (thus 
] if the loss has been 10 per cent. !)0cc. will have 
to be taken, and so on) and placo in a 200ce. flask 
fitted with a delicate thermometer and Glinsky’s or 
iso’ i!»‘ 1 Le Rel Henniger’s fractioning tubes, connecting it 

"ST "ST j "’ith n. Liebig condenser of the ordinary pattern. 

i Heat the llask with a rose-burner, and so regulate 
tho llamc that a drop distils over about once in 
j every two seconds. Carry the distillation on until 
I hard cake. ; the thermometer has risen to 120’ C., catching the 
tods usually | distillate in a graduated jar. At this point change the 
it guido of I receiver, and catch all that comes over up to 170° O. 
II, they can j The distillate to 120’ C. consists substantially of 
ood reason, benzeno and toluene ; that portion distilling between 
,o products i 120’ C. and 170’ C. is solvent naphtha, the remainder 
ndsoda,the creosote. The “solvent” produced in this small 
■ great. To apparatus will show first drop at 12.V C. and 1)0% at 
do naphtha too' (J., which is usually tho quality worked for on 
3) tested j the large scale. 

Tho composition of the distillate to 120° C. will 
vary somewhat with every sample of crudo naphtha 
and soda, operated upon. In my own case, tho quantities 
yielded by each analysis were collected from many 
samples, and when mixed and tested in the usual way 
. employed for 5)0% and .70% benzols, showed 01% at 100° 


employed for 1)0% and .70% benzols, showed 01% at 100° 
C.'aml!):)%_ at 120’ C., and I have found this method 
so handy in practice, that it is easy, without any 
supervision, to run the specified quantities of ilO's and 
50 s from the still direct, without any fear of mistnkes. 

When operating upon “ crudo bonzols ” from conl- 
! gas, tho quality is much higher, and generally runs 


Oi.D Method. 


Improved Method. 


Xew Method. 
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0-1% ftt 100° nncl 0S% at llrf C. Tlie results of the 
older methods, as compared with the new, arc given 
in table on previous page. 

In order to rapidly estimate the quantity of f)0%, 
50%, and toluol which may be run from the still, i 
have constructed the following table:— 

MIXTURES OF 90.Z ItENZOL WITH 50/90 IIENZOL. 


MIXTURES OF 90’/ HENZOL WITH COMMERCIAL 
TOLUOL. 
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MIXTURES OF 50,90 IIKN'ZOL AX1) COMMERCIAL 
TOLUOL. 




Thinking it may bo interesting to have the distill¬ 
ing points of !)0% and 50% benzol, made with pure 
benzene and pure toluene, I have made the following 
mixtures with great care, and from materials pre¬ 
pared as pure as it is possible to mako them 
J'ltre benzene, collected from a large still, crystallised 
in the Linde ice machine, partly melted and filtered, 
and again rectified, collecting only the middlo portion. 
It possessed a gravity of ’881, at 15°'5 C., distilled at 
80°'5 C. to 81* G'., the thermometer falling again to 
80 a '5 C. near the end of tho distillation. When dis¬ 
tilled with open steam, the whole came over at a con¬ 
stant temperature of 00“ C. (the thermometer in the 
vapour), the ratio of benzene to water being 10 to 1. 

/‘me toluene. Prepared in the toluono rectifying 
apparatus, and rc-rcctilied several times. It had a sp. 
iii\ of - 871 at 15’Tj 0., and distilled over at 11 O’'8 to 
111 ” C. When distilled by open steam thowholo came 
over at 81“T> C. (thermometer in the vapour), the 
proportion of toluene to water being 5 to 1. 

/'ure sylene. Prepared from solvent naphtha on 
tho largo scale, aiid rectified by means of Glinsky’s 
tubes in tho laboratory. It came over between 187° C. 
and 1-JO 3 C. 

Tho following mixtures wore found to produco 
results ns follows :— 

I’nro lienzcno. 75 SO 

„ toluono . 21 Ill 

„ xylene . 1 in 

ao;; benzol. 50/90 benzol, 

and their distilling points for every degreo, when dis¬ 
tilled in tho ordinary manner used for commercial 
benzols, were ns set forth in tho table on next page. 

Now ns to valuation. It is very evident that 
the-old method bused on so much per cent., dis¬ 
tilling at 120’ C., is extremely variable. When 
benzene, tolueno, and tho lighter portions of 
solvent naphtha aro otpinl in ju ice, then, and then 
only can, tho method approximate to its real value, 
but it never can bo accurate, ns crude naphthas 
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without exception, contain very large and variable 
percentages of light and heavy hydrocarbons which 
are removed by treatment with strong vitriol and 
soda. It is nothing more nor less than a lottery to 
buy by such a teat. 

in tlie second, or improved method, the valuation is 
simplified, but the R, T, N, N 2 and C ns proved by 
their distillation points are not of the quality usually 
known in commerce, and, moreover, tno same fault 
exists ns with the old test—viz., that the.test is made 
upon the unwashed and indefinite article. Thus 
there. is a certain amount of risk, and this must 
occasion a lower price being offered to the seller to 
cover that risk. 
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Toluol . 2,0 > 

Solvent (X|) . 

„ tN-.l . 1,'tiJ 


loss 2J51 

cash In 11 days. 


and the values of the analytical products :— 

H T X, N. 0 

11(1. 8(1. Oil. Id. nil 

making tlio value of such a crude naphtha to-day, by 
this method, but Old. per gallon. 

The figures obtained by my method arc absolute 
and comparable, from whatever part of the country 
the crude material is derived, the percentage loss, 
and the heating which takes place on treating with' 
acid gives one a very good idea of the quality of the 
stuff'one has to work, while the distillates represent 
very faithfully the quantities of benzol and solvent 
naphtha to be obtained on the large scale. Take, for 
instance, the H 15 sample again—by the new test it 
gave :— 



l.oss by washing .. 


. 131% 

JJjBtilluto to 120* C. 

100* 

. is*: 
120* 
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71 
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The valuation figures will, of course, depend upon 
the market prices of the finished articles, though few 
distillers would bo able, without having practically 
worked many parcels, to say definitely wluit margin 
should bo allowed between the purchasing and selling 
prices of tho various constituents. 

In ISTo, when the prices of tho finished articles 
were ns follows :— 

Jlenzol,90%.fiM 

rj) / t,f m I I. O.I). GOOIC, 

ToiilOl ..V.casks free, 


Tho values, for tho analytical products wero ns 
follow:— 


So that a crude naphtha, such as that alluded to ns 
H 15, and worked in tho still, would hnvo been 
worth :— 

d. 

11 25xlSil. = 12110 
T 23x:ii)it.=> imo 
N,' :i2xl8<l.= 67(1 
N. 10xlLM.=. 120 
U' 10X ld.=. 10 


—=2/2 per gallon, 
100 

To-day tho soiling prices arc— 

do;/ Toluol Solvent Crooaoto 

1/7 1/1 1/2 llkl. novuluo 


The quantities actuallyobtaincd from the still were: 

OOgbonzol. 23% 

m . 21 % 

Solvent . 101% 

130‘ ICO" 

Test of solvent__ _ 

1 til 

l.oss by washing 20% 

Knowing this, it would be easy to make an offer for 
any parcol, with the certainty of knowing that the 
laboratory results will be produced on the largo scale, 
and the test may bo made one in which both buyer 
and seller could agree upon n sliding scale, the price 
f.o.b. Gople, or d/d in London, being made the basis. 
Of course, the percentage of tho selling prices each 
manufacturer could afford to give would vary accord¬ 
ing to circumstances. One with a good pattern of 
stiil and a careful rectifier working it, would be able 
to offer more tlmn ono using an old boiler for a still, 
and injecting stenm ad lib. into tho contents. One 
limy have cheap vitriol for washing, cheap labour, or 
cheap carriage, which another would not possess, and 
nil tlieso things would have to bo taken into con¬ 
sideration. 

A rectifier of crude naphthas should be able to say, 
“ 1 know by the lest wlmt I am able to get out of tlio 
parcel, and will offer so much per cent, of the selling 
price, calculated naked at my works, for the PC’s, GOs 
and solvent contained therein the seller delivering 
the naphtha to tho purchaser's works free, the hnrrcfs 
to be returned free when empty. Some manufac¬ 
turers are able to do this ; it is for sellers to know it 
can bo douo in a satisfactory manner. Now, taking 
this selfsame crude naphtha again, let us see what 
money values were obtuined from it. 

80% benzol. e.IgnlB. nt 1/7 f *-*°olo 

60% „ ..21 „ at I/I \ viiaks free, 

Solvc,,t . 10 ” “t 2d. Icnsli mV/dnyB. 

Rut wc must deduct 2d. per gallon for barrels, 2d. for 
enrriago, and Id. for sundry charges, ns leakages, 
super tares, otc., leaving naked nt the works 


00% boazol. 

_ 23ffn!a. at 1/2=322 

60% . 

....21 nl ltd.=201 

Solvent.. 

....10 „ at ld.= 10 


C2II 


100 


uui ui wiiiuu mu imiiiiur uni iui>u iu jiiiu VIiHOJ, 
soda or lime, wages, stenm, repairs, depreciation and 
other sundry charges, and his profit if there be one. 

Tho present stnto of things is most unsatisfactory, 
both for buyer and seller, and if this paper tonds to 
bring about a bettor statu of things it will not have 
boon written in vain, 
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Ml!. I). S. l-ltOCTOU IN Tin: CIIAIK. 

NOTE ON THE COMPOSITION OF GAS 
FROM MESSRS. ALLILUSEN'S BORINGS 
AT MIDDLESBROUGH. 

jiv i’i:oKRsson i 1 . Phillips in:i won, rsc. 

Tin-: two smnplcs of gas, the com position of which 
forms the subject of this short note, were collected 
from two distinct outbursts of gas which occurred 
last July during the piercing of the salt at the second 
of .Messrs. Allhuscn’s borings at Middlesbrough. A 
similar outburst of gas took placo during the piercing 
of the salt at the first of the borings, the gas issuing 
from the bore hole in large volumes, shooting into the 
air, water, mud and debris, to a height of several feet. 

For the opportunity of .examining these gases and 
for their collection I am indebted to the kindness of 
Mr. A. AUhusen. 

The gas was collected by placing in the bore hole, 
at the time of the outburst, an iron tube some Oft. in 
length and about 2in. in diameter. This tube was 
connected by indiarnbber tubing with a largo glass 
vessel, such as is used in the construction of aspirators, 
filled with water. The iron tube was connected with 
the upper opening of tho aspirator, and, by allowing 
tho water to flow out, the gas was drawn in. 

The salt was reached at a depth of about 1000ft., 
and after it had been pierced to a depth of some 
Sift., tho first outburst of gas occurred. The gas 
collected proved to have tho following volumetric 


composition :— 

Oxygen . 1 '53 

Marsli gas . 1M10 

Nitrogen. 90-57 


lOO'OO 

Tho second outburst occurred at a depth of 100ft., 
the collected gas having the following volumetric 
composition :— 


Carbon dioxide . Oil 

Oxygen. 2-9 

Nitrogen ... 90 S 


100-0 

From Mr. Hugh Bell’s paper, “On tho Snlt Deposits 
of Middlesbrough,” read before the Cleveland Insti¬ 
tution of Engineers in April, 188.3, it will bo seen 
that tho salt of theso deposits contain vcssiclus, 
locked up in which is gas, tho liberation of which, 
on tho solution of tho salt, is frequently productive 
of slight explosions. This gas is said to consist 
of nitrogen and oxygen, in the proportion of 
tl lvnls. of tho former and Ovols. of tho latter, Tho 
Middlesbrough salt, therefore, resomblcs certain 


varieties formed in the "\Yicliczkn deposits, which 
exhibit similar decrepitations; tbe gas contained 
in them being, however, marsh gas only. Further, 
Mr. Bell mentions in his paper that, during the 
stoppage of the pumping at Clarence, largo volumes 
of gas bubbled up at the fresh-water inlet of the 
pumping machinery. This gas proved to contain 
i)7'!)vols. of nitrogen and 2‘lvols. of marsh gas. 
Now supposing the oxygen in the gas obtained at 
the first outburst, to represent air admitted in 
collecting the gas, the residual gas would contain the 
following proportions of marsh gas and nitrogen :— 


Marsli gas ... 2-05 

Nitrogen. 97'95 


100 00 

Showing it to be identical in composition with that 
described by Mr. Bell. If the results of the analysis 
of tho gas obtained at tho dentil of 100ft., be inter¬ 
preted in a similar manner, tlio residual gas would 
nave the following volumetric composition :— 


CarlionMioxiile. 0-4 

Nitrogen. 990 


100 0 
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The opening Metting of the Third Session of this 
Section was held in the Rooms, SOT, Hath Street, on 
November it, 1SS5. 

CHAIRMAN’S OPENING ADDRESS. 

Mit. J. Neii.sonCutuukutson said: It has appeared 
to me, in considering the many subjects that present 
themselves as suitable for an address, that, in my 
capacity as a member of tho School Board, I 
! might most appropriately rofor to the present 
J position of scientific ami technical education for 
the masses of tho people. You are probably all 
aware that four years ago a Royal Commission was 
issued to impure into tho instruction of tho industrial 
classes in technical and other subjects, with power to 
take evidence and visit foreign countries. Tho report 
of the Royal Commission has been in the hands of 
tho public for moro than a year; I have no doubt 
von nave it copy of it in your library, and it must bo 
known to many of you. But, believing tho subject to 
lie of such importance that too much attention cannot 
he given to it, T venture to direct some thoughts to 
tho conclusions of that report. The Commissioners 
sny thnt they liavo visited almost every country in 
Europe, and nlso in tho United States of America; 
and although they had high expectations of what 
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they should find there, their expectations were must have noticed the greater intelligence of their 
exceeded, and there is no doubt, they say, that many chief men. A Continental manufacturer is generally 
and great advances have taken place in Continental a man of education himself, and thoroughly up to all 
nations in the matter of technical and scientific j the new inventions of the day. lie is generally 
education. I need only refer you to the most j acquainted with several languages, and has thereby 
recent development of that education in the splendid the opportunily of studying the periodicals of this 
university which has been erected at Strasburg. I j country and the literature of the day all over Europe, 
suppose this new university is expected to take a j and of picking out the inventions and appliances 
leading place amongst the universities of Europe, most suitable for his own trade. More recently there 
Probably no other university can equal it, with its , have been instituted in many of the States Technical 
ninety-two professors, its large number of students, or “Industrie-Scliulen,” intended for boys and young 
and immense appliances in the way of apparatus and men who wish to become foremen, or otherwise 
library. We can only liopo that that university will | engaged in industrial occupations. The instruction 
have a future in keeping with the splendid prepara- j in these schools is similar in character to that of the 
tions that have been made for its success. Imiglitrcfer, i higher instruction, but inferior in degree. In France 
as the Commissioners do, to the great success that has 1 they have taken a very large development and uro 
attended Continental science in different ways; in generally treated ns higher elementary schools, to 
organic chemistry, in the introduction of the ammo- : which the cleverer boys are pass'ed on after they have 
ilia process in tho alkali trade, in the ventilation of ; completed the curriculum, in the ordinary schools, 
deep mines, in the application of water power, in the j This idea of picking out the cleverer boys is common 
invention of the dynamo machine, in tho construction 1 to the schools in America as well as to those of Con- 
of roofs and bridges, in the printed cottons of Mul- < tinental Europe. They don’t bring on the dunces to 
house, in tho woollen yarns of Venders and in the the higher schools; they examine each scholar after 
ribbon trade of Rasle. All this is largely due to the the curriculum has been gone through, and if he can’t 
greater painstaking, to the greater pliancy and thrift pass a creditable examination, he is not passed on 
of those concerned, and also to the general acquaint- to the higher school unless at his own expense. Not- 
anco with modern languages usually possessed by withstanding all these efforts, the reporters say that 
Continental manufacturers. foremen and workmen are not, ns a rule, up to the 

Tho reporters go on to say that notwithstanding present time, technically instructed, and that they 
tho great udvnneo that has taken place in theso foreign liavo not—even with all tho efforts that have been' 
nations, on the whole our people still maintain their made—greater advantages than our workmen or fore¬ 
position at the head of the industrial world. You must men have in this country. This class of effort has 
all have been struck with the recent addresses of Sir been chiefly maintained by local effort, and largely 
Lyon 1’lay fair at Aberdeen and Dundee, and how com- by the manufacturers themselves, who seem to bo 
pletely he places foreign nations ahead of our own in quite aware of the necessity nowadays of scientific 
this matter of scientific education. L am inclined to instruction, even amongst their men, at all events 
believe, however—and this report bears me out— amongst their foremen, and they spare no pains to 
that we are not so far behind after all. I think have them educated. Nothing, however, that they 
Sir Lyon’s words may be taken to mean that we arc have yet been able to achieve is equal to the instruc- 
all right up to a certain point, but require to take tion that .we have in this country through the schemes 
care of our hand in time to come. In proof of tins of the Science and Art Department and tho City and 
position tho Commissioners cite the important iuven- (Juilds of Loudon Institute. 

tions that have been brought out in this country in two respects scientific education abroad seems 
during the present and the past generations; in fact, to excel what we have at home. First, as regards 
they go the length of saying that all the principal ; and second, as regards gem-rid elementary 

machinery that is now at work on the Continent has education. In France and Belgium an effort is made 
been derived from England, or, at all events, is the to have every child instructed in drawing; and in 
direct offspring of suggestions made in Great Britain, regard to the United States, the Commissioners con- 
Kvon in thoso branches where other nations have sider the great feature of technical instruction there 
hitherto exccljed, tho reporters are of opinion that is the superior general education, which the mass of 
we arc improving. They maintain—and I hold cor- the community receive in tho elementary schools, 
rectly—that the beginnings of the modern industrial I need not say that this latter deficit will not much 
systems are due in the main to Great Britain. Other longer exist, for I maintain that the mass of our 
nations were greatly hindered during the latter part people, by another generation at all events, will bo ns 
of tho eighteenth and the beginning of tho nineteenth well, if not better educated than their American 
century by tho wars which devastated Continental cousins. 

Europe, and so jealous was tho nation at that period Now, to bring homo theso remarks to our own 
and at tho close of tho great war, that legislative country, the reporters wish to point out the need wo 
restrictions were imposed which hindered our people have of technical instruction, especially for foremen 
from going abroad, and even put a hindrance in the and artisans. The time was when it was supposed 
way of exporting machinery to Continental countries, that instruction of that kind hnd hotter bo reserved 
This was no doubt tho occasion of tho great efforts for tho head of the house, with ono or two assistants 
put forth by Continental nations to copo with this in tho laboratory, but I hope that day is at an end. 
country, and they began by instituting Polytechnic Wo have now our mechanics’ institutions blossoming 
Schools. These schools aro all over the Continent, into colleges of science and arts. Wo have evening 
There is L’Ecole Cent rale at Paris, and there are tho classes overywhero for science of a kind. I don’t 
Polytechnic Schools of Germany and Switzerland; pretend for a moment that tho scionco thusi to be hnd 
and tho first stop they took was to got men from is of tho very highest lovel; at all events it goes so 
England and Scotland to start thorn. After that far as to accustom young lieoplo to elementary ideas 
sprang up tlioTechuical High Schools, for n lower grado regarding science, and to bring out (which I think is 
of instruction, inaugurated in most of tho Contiuon- a great point) thoso who hnvo tho aptitude and 
tal States. Thoso two grades of schools have been abilities for following out the higher studies. In 
kept mostly at the oxponso of tho difleront Statos— proof of this, I may cite tho opinion of a gentleman 
I mean tho Governments. The result is that every- woll known to you all, who was called upon to 
ono who has had to do with Continental manufacturers examine a school in elomoutary scionco. I said to 

0 
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him, “ Now, do you think that what you have seen 
there is likely to interfere with your own professional 
work?” “Not at all,” ho said; “I believe that nil 
that anyone can do in that direction will only be a 
feeder to the higher institutions.” I think if this 
view be taken, you will find in future a much larger 
number of boys who would be desirous to have higher 
scientific instruction. They point also to the examples 
of special schools. I am not acquainted with the 
lace trade in Nottingham, but from the report it 
seems that Nottingham has been largely benefited 
by an art school there, and the lace trade which had 
been languishing has got a new impetus ; and it is 
known to us that the Lambeth School of Art has 
been the means of raising the Doulton pottery to a 
higher position than it might otherwise have 
attained. I need scarcely mention to you, gentle¬ 
men, the City and Guilds of London Institute. 
There we have an effort put forth by the Guilds of 
London, who aro possessed of immense wealth, and 
who of late years have been looking about to make a 
good use of it, lest it should be taken from them in 
another way ; and we must certainly approve of 
what they have been doing. All over the country 
they hold examinations which have been the means 
of bringing forward a continually increasing number 
of candidates. Their rewards are of a very substantial 
kind, including medals and money rewards ; and I 
have no doubt many working men have been brought 
out who otherwise would have remained unnoticed. 
The universities, too—-to ascend to a higher platform 
—now give a much larger modicum of natural science 
than formerly, and I am quite sure professors of 
science in universities will cordially welcome any 
movement in that direction. Indeed, I may say that 
throughout the whole community there is a growing 
desire, and especially amongst educational bodies to 
promote scientific and technical education ; and a 
desire, above all things, to know how it can be best 
accomplished. 

The reporters arc of opinion—and I dare say we all 
agree with them—that the foreign systems arc not 
exactly applicable to this country. There is a kind 
of autocratic fragrance about them, that could not 
rightly bo transplanted into British soil, and we must 
look at homo for something of a more natural and 
easy growth. With the exception of France, where 
the recent educational revival has assumed enormous 
proportions, the British Government is now spending 
a larger sum of money than any Government in 
Europe upon its education, und all that is needed is 
to see that it be properly and wisely dispensed. 

In a general wuy it may be taken for granted that 
men of leisure and means havo no dilliculty in this 
country in getting scientific education. I may per¬ 
haps differ with Sir Lyon Playfair as to this point, 
for, as far as I remember, in Glasgow there never has 
been a time that there was not good scientific educa¬ 
tion. In fact, I have been often astonished to hear 
people from a distance speak of the difficulty of get¬ 
ting instruction in chemistry. In all my recollection 
there have nlways been schools of chemistry in 
Glasgow, still increasing in usefulness and popularity, 
so that people of vory moderate means have hitherto 
had no difficulty in getting scientific education. The 
best preparation, ttie Commissioners remark, for 
studies of that kind, is a good system of secondary 
schools, and they point above all others to the Man¬ 
chester Grammar School, as a school which has of 
late years been brought up to a high point of 
efficiency, and which they recommend as an examplo 
to others, I hope that in Glasgow wo shall bo nble, 
with the assistance of the Endowments Commission 
and of other local authorities, to have abundauco of 
scientific instruction of that higher grado. But that 


is not quite the point at which the Technical Com¬ 
mission has been aiming. It is rather how aro the 
great mass of the working population to bo instructed 
in elementary science. Tliero can be no doubt that 
that ought to be begun in the primary schools. The 
Commissioners consider that if general ideas of 
science be given to children of ten, eleven, or twelve 
years of age (as I stated at the earlier part of my 
remarks), this will prove to be seed sown in the 
minds of boys, which will bear fruit in the form of a 
hunger for greater information ; and they think this 
should be done by special teachers, or by visiting 
masters, ns has been done in Liverpool and Bir¬ 
mingham—going round the schools on certain days 
of the week giving lessons in elementary science— 
and then the scholars so initiated should be led up to 
higher schools or classes, either day or evening. This 
sort of work involves a set of apparatus, which, of 
course, must be supplied from some public source. 
They seem to think that the School Boards would 
not be able to overtake that, but I have yet to learn 
that the Scotch Act of 1872 docs not include this to 
such moderate extent as may be required. They also 
recommend the institution of industrial museums 
and loan collections, and that nil these-should be 
largely promoted by employers and manufacturers. 
There is no doubt, as I have already said, that what 
is being done in that connection on the Continent is 
promoted by employers of labour more than by the 
Government; and I feel quite sure that great 
employers of labour in this neighbourhood need only 
to have their attention called to this matter to ho 
willing to encourage such scientific education among 
the people whom they employ. It is also recom¬ 
mended that manual work should be introduced into 
the public schools. Kognrding this there may he 
dill'erenccs of opinion, it has been done very suc¬ 
cessfully in Allan Glen’s School, in the City of Glas¬ 
gow, and in the Buchanan Institution, and in some 
towns in England. The reporters give a list of nil 
the ditl'erent institutions and colleges they have 
visited, and while not willing to differentiate between 
one and another, they aro anxious to believe that all 
are doing good work, and only require greater 
encouragement and greater support in tho way of 
funds, to do a much better won;. They mako ngain 
and again refercnco to the technical examinations of 
the City and Guilds of London Institute. I know 
scientific men arc apt to pooh-pooh this sort of thing, 
but what 1 say is that in the absence of anything 
better we are very glad to have it, and if it be but 
the beginning of a better state of things wo shall 
have good cause to thank them and to hopo that 
they may continue to prosecute their labours. 

At the close of their report the Commissioners make 
one or two suggestions. In the first place they sug¬ 
gest that in the public schools drawing should bo 
incorporated ns a cluss subject. Drawing does 
not so much concern us as a society, but still it 
seems to bo applicable to most branches of scientific 
study, and ono good ellect tho publication of 
tins report has had is, that now the Education 
Department have issued instructions that drawing 
shall bo taught to every child—boy and girl—nnd no 
doubt this will result m much good. They express 
their own opinion that boys especially should bo 
taught to use tools in-wood nnd iron, and that this 
should bo made a “specific subject” in tho education 
code. They also suggest that tho provision which is 
now oporntivo in Scotland, to j revolt a boy or girl 
under H years of ago from being employed full time, 
unless they have passed tho fifth standard, should bo 
extended to England, As to classes in connection 
with tho scicnco and art department tlioy consider 
that tho local authorities, school boards, or others, 
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should be empowered to establish such classes. Now 
in Glasgow wo consider we have power to establish 
such classes, and I hone that before the expiry of the 
present School Boaril we shall have nine well filler! 
art schools, with drawing room perhaps unsurpassed 
by any in the kingdom, and that we shnll also have 
six or eight schools where clemontary scienco is 
taught with proper apparatus. They suggest that the 
inspection of such classes ought to be rendered more 
ofFective, anil that contributions should be made by 
the authorities at head quarters to local museums, or 
in some other public way. They are of opinion, as 
already explained, that a great deal is to be expected 
from employers of labour and trade organisations. 
They hope to see the day when it shall be necessary 
for a boy, before entering on an occupation where 
scienco is required, to undergo some preparation in 
elementary science; and when the managers and 
promoters of such classes shall plnce the teachers in 
a position to carry their boys into higher stages, 
either by having scholarships introduced, or by some 
other means. 

Now, gentlemen, if you want to get a good crop of 
scientific men, at all events mon intelligent as to the 
elementary science, you must begin at the lowest 
. stage ; not give a boy or girl too much to understand 
or study, but give them broad general ideas, which 
shall enable them afterwards to appreciate the higher 
instruction which many distinguished men in this 
city and elsewhere arc prepared to give. 

FURTHER NOTES ON A NEW SYSTEM OF 
COOLING OILS FOR THE EXTRACTION 
OF PARAFFIN. 

1IY UKORfiE Ill'll I.I1Y. 

At one of the meetings of this section last session I 
described a new system of cooling oils for the extrac¬ 
tion of paratlin (Journal, iv. 321). At that date 
apparatus on the full manufacturing scalo had just 
been completed at Oakbank 'Works. It has occurred 
to mo that some of the members may be interested to 
hear the results of the summer’s work with the new 
plant, 

June, July, and August, have always been trying 
months in the freezing houses of parntliu works. 
Freezing plant, which, for the colder months of the 
year, is of ample power, may. in the summer months 
prove quite iusullicient. This loss of elliciency 
necessitates ono of two courses, either that a large 
percentage of parallin must bo allowed to escape in 
the oils, or that the imperfectly frozen oils must be 
kept in stock till the colder months to be then 
rofroz.cn ; under either alternative heavy loss is 
entailed. 

The now system was designed to meet and ovor- 
como two manufacturing dilliculties. Tho first of 
which hns been referred to, namely, tho loss of cool¬ 
ing elliciency during tho summer months. The 
second dilliculty is the imperfect separation of 
pnraflin from oils, which results from too rapid 
freezing, whereby tho parallin is separated in an 
imperfectly crystalline state, and this amorphous or 
semi-crystalline parallin is not only diflicult to filter 
from tho bulk of tho solvent oil, but the pressed cakes 
of parallin scalo nro apt to retain an excessive percent¬ 
age of oil. How far tho now system hns overcomo 
tiiesc dilliculties will bo shown by an examination of 
tho results of tho past six months’ working. 

The Temperature of the Cooliny Jlouse. 

Tho apparatus and tho structure of tho. houso wero 
originally calculated and designed for tho mainten¬ 


ance of tho air inside, summer and winter, at a 
temperature of 32° F. 

The cooling house is 5U feet long, 48 feet broad, 
and 25 feet high, its cubic capacity is therefore 
07,200 cubic feet, and, after deducting the volume of 
the contained apparatus, the actual air space within 
tho house is 58,000 cubic feet. 

The internal wall surface is 5200 square feet, tho 
roof and floor surface 5370 square feet, or a total 
internal surface of 10,570 square feet. Tho cooling of 
the air of the house is effected by the exposed 
surfaces of the ends of the brine cells amounting on 
an average to 1000 squaro feet at a mean tempera¬ 
ture of about 20° F. 

The refrigerator is one of Pontifex and Wood’s 
ammonia machines with a nominal ice-making 
capacity of 0 tons per 24 hours. 

During tho months of June, July, and August, 
though the apparatus was in pretty full work, there 
still remained many details to bo adjusted, but the 
general cooling results were very satisfactory. For 
the week ending tho 25th July the following wore tho 
readings of thermometers inside and outside tho 
house:— 

OlltniilD Tiler- InRldu Thermometer 
mometer on 5ft. from ttoor ill 

Xorth Willi. centre of llouae. 

20 July, at 1 p.m. 02’ 31”A 

21 „ 00 . Ill) -5 

22 02 . HO I) 

211 . 72 . 32-0 

21 .71 32-0 

25 .70 . 31 

During this week ono of the ammonia pumps was 
olf for repnir, so that the refrigerator was worked at 
about one half of its full power. zVs a rule it is not 
necessary to work the refrigerator on Sunday as tho 
temperature inside the houso only rises about 1° 
between Saturday and Monday. As tho details of 
tho plant were gradually perfected the results showed 
a corresponding improvement. For the week ending 
are the readings of tho thermometer insido and out¬ 
side :— 



OuUiilo Iiithlo Thermometer, 
Thermometer 5ft. from floor In 

on Xorth Wall, centiu of llouae. 

1 1 September, at 3 p.m. 


. 28‘ 

_ tw .... 

. 2!) 

lit •• it 

17 

IB it ti 

1!) 


. *2U 

.... 58 .... 

■ ■ ■ CO .... 

. 22 

. 28 

. 28 


Tho refrigerator was doing about half work 
during this week, ns wo have found that 27° or 28° 
is a suflieiently low temperature for the air of the 
house—at lower temperatures the oil filters sluggishly. 

The lowest temperature ever observed on tho insido 
thermometer was 2(j°, and the greatest difference 
between tho outsido and insido thermometers was 
45°. Of course, the temperatures on the south and 
west walls, in tho direct rays of the sun, must often 
have reached !)0° to 100° ; giving a difference of 05° 
between tho outside and inside. 

It was at first feared that tho workmen might 
sutler from the sharp contrast between a summer tem- 
poraturo outsido and a winter temperature inside tho 
house ; but, apart from an occasional cold, no bad 
effects havo been traced to this causo. 

Cool in;/ of the Oil and Paraffin. 

In connection with my former paper, a diagrain 
was exhibited (Journal, iv. 324), on which wore laid 
down tho curves of cooling of a mass of oil and 
pnraflin as determined in an experimental coll of tho 
standard width, 12 inches. These curves showed that, 
with air of a mean temperature of 20° F. ns tho cool¬ 
ing medium, tho mass of paraffin in tho coll was 
reduced to a mean temperature of 30° in ninety-six 
hours. In practical working, it is found, with brine 
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at 10° F. as the cooling medium, that the mass of oil 
and paraffin in a cell 10' x 8' 0" x 12 " wide is reduced 
from 100° F. to a mean temperature of 24° in from 
seventy to soventy-live hours. At this rate of cooling 
the crystallisation of the paraffin is very satisfactory. 

Manipulation of the Cooled Oil. 

No difficulty has been experienced in emptying the 
cells by means of the screw at the bottom of each. 
When the screw is rotated the block or slab of cooled 
oil invariably slips down ns its base is sheared away, 
no manual or other assistance being required. 

Owing to the great stillness of the cooled paraffin, 
even after it has been mashed by the screw and de¬ 
livered through the valve at the end of the cell, con¬ 
siderable difficulty was experienced in getting the 
lilter press-pumps to draw and force the mass into 
the filter frames. After contending with this diffi¬ 
culty for some weeks, it was eventually found neces¬ 
sary to abandon the close collecting pipes from the 
celfs to the pumps, replacing them by open wooden 
troughs. _ Since this alteration lias been carried out 
the working lias fallen into the regular system for 
which it was planned, so that one of the four blocks 
(of ten cells each) is emptied and refilled every 
day. 

Owing to the perfect crystallisation of the paraffin, 
the separation of the oil is much facilitated, so that 
filter presses which, under the old system of “drum 
cooling,” took ten, eighteen, and even twenty-four 
hours to fill up, are now filled regularly every tlireo 
hours. 

In the following table the old and new systems of 
paraffin cooling are contrasted in the records of work¬ 
ing under each when the conditions of outside tcin- 
peraturo were identical 

1B84. 1885. 

Old .System. Netf .System. 

Outslilo Thormomctcr on north wall .. (XT t\ .... GO • K. 

Insido .. 5 feet from llaor fitj _ 2) 

Oil from coolers. IS -<| 

Illtorpresses. 41 i, 

'I lie old systcin is imperfect in two important par¬ 
ticulars ; in the first place, the too-rnpid cooling pro¬ 
duces a paraffin which will not separate freely from 
the oil, and in the second place, the cooled oil itself is 
the only medium by which the temperature of the 
apparatus is reduced ami kept down ; consequently, 
the oil and paraffin has to be cooled to a temperature 
much below that at which the filtration actually lakes 
place. 

The figures given above show that under the old 
system tho oil was cooled 20° below the temperature 
at which filtration actually took place, while, under 
the now system, the difference is only 1 “ Tho above 
figures are not put forward to show the best results 
obtainable under the old system, but merely to illus¬ 
trate the distinct principles on which tho systems are 
worked. 

Quantity and Quality of the Paraffin. 

Tliegainof paraffin by the newsystem is about 25 per 
cent., so that a crude oil, which yielded under the old 
system 10 per cent., nowyields 12A percent, of paraffin. 
Ilus on the present through put"at Oakbank Works 
is equal to 180 tons of paraffin a year, valued at 
.£‘45 00. 

This gain of paraffin is not alone duo to tho low 
temperature of extraction, but to a considerable extent 
results from other modification of tho refining process 
which have been rendered possible by the system of 
slow cooling and crystallisation. 

Tho average molting point of tho paraffin scale 
extracted by tho new process is 112“ F or a full of 


about G° as compared with the old process. The 
scale on refining gives:— 

74 per crut. of wax, melting point 120' F. 

11 .. „ „ scale, ,. „ DO' K. 

15 ., ,, oil and unrecorcred soft scale. 

It is now possible to produce commercially-soft 
nnrnffinof any melting point, from 80° F. and upwards. 
Hitherto most of the low melting paraffin made in 
Scotland has been used for dipping wooden matches, 
but the quantity at present being produced is likely 
to be far in excess of tho requirement of the match 
trade. It is much to be desired that new outlets 
should be found for it, and it is to be hoped that one 
good efi'ect of the present loiv price (Id. to lid. per 
| pound) will be to extend its consumption. It is said 
that soft paraffin is being used to adulterate tallow ; 

1 fortunately, as an adulterant, it will bo detected with 
great ease, but it seems not improbable that tho mix¬ 
ture of soft paraffin with tallow and lard may be 
found to improve both for many purposes. 

Workiuy Cost*. 

Twelve men nt an average wage of .'5s, Gel. per day 
can turn out 2G tons of parufiin scale per week, equal 
to a cost of 10s. (id. per ton. To this must be added 
the wages of enginemen and foreman, mnkinga totalof 
say, 15s. per ton. When the output can be increased 
to 50 tons per week, the cost for labour will be re¬ 
duced to about 12s. per ton. 

Owing to the small size of the refrigerator for tho 
very large amount of actunl cooling done, the cost 
under this liend is necessarily very moderate. 

An important item of paraffin house expenditure is 
for sheeting and filter cloth. Trustworthy statistics of 
the saving under this head are not obtainable yet, but 
there is no doubt that the saving will be considerable, 
ns the well-crystallised paraffin separates freely both 
in filter-presses and hydraulic-presses. 

DISCUSSION. 

Mr. Coleman said : This paper by Mr. l’eilby is a 
continuation of a paper which lie read last session, 
mid in hicli lie described 11 method of cooling and 
filtering and pressing paraffin oil in chambers which 
me insulated. As to the mechanical arrangements 
which Mr. Hcilby lias adopted for the transference of 
the crystals of cooled paraffin to the filter presses, it 
shows, ns 1 have already said, great ingenuity. This 
kind of screw prevents the handling of the material, 
which is so prejudicial to bringing up the crystals. 
They are more easily transferred without being 
crushed or broken, and consequently, the produce of 
wax is increased. In reference to the process itself, 
being conducted within insulated walls, it is no doubt 
a most excellent thing to do, nnd it surprises 1110 that 
the paraffin oil people have not had the senso to adopt 
some such method earlier. Jt must be obvious that 
to cool a substance down near freezing point, and 
then filter and press it in a warm atmosphere, is a 
most ridiculous proceeding, and in many circum¬ 
stances the cooling is a most expensive operation. One 
of our townsmen—Mr. W. Walls—is noted for 
his sperm oil. He had five years ago another innchino 
which ho used for cooling sporni oil, and it struck 
him that there must be immense waste in the oil 
being manipulated, after cooling, in the ordinary warm 
nir of his workshop. He consulted mo as to whother 
I could not design n cold chamber, in which the pro¬ 
cess might bo carried 011 . I designed one, and sinco 
that time his production of spcnuucoti lias been con¬ 
siderably increased, and the quality ufliis oil has been 
improved, 

Professor Mili,s said : In common with many 
others who have visited a paraffin oil works, I liavo 
been very much struck with tho absence of air-cooling 
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in the department where the scale is frozen and 
pressed. I am very glad that Mr. Beilby has not only 
introduced it, but succeeded in making it pay. The 
increaso of 2^ per cent, must be chiefly in soft scale. 
Paraffin of this kind would have been, years ago, ex¬ 
ceedingly valuable to the late Dr. Stenhousc, with 
whom I was associated in his early experiments on 
the waterproofing of cloth. At that time we required 
a paraffin of extreme qualities, some very hard and 
some very soft. Paraffin similar to this specimen 
would have suited us admirably, and would have 
made a capital waterproofing agent. As we had not 
paraffin of this description we were obliged to take 
hard paraffin and mix it with olivo oil, so that 
when the waterproofing agent was introduced into 
the tissue—for example, boot leather—the crystals of 
scale would not produce friction. It struck me that 
this particular paraffin, this new soft scale, would 
have ueemthe very thing for waterproofing cloth, inas¬ 
much as it would yield to every movement of the 
wearer. I am sure- this contribution to the tech¬ 
nology of the subject is one of material interest and 
importance, and I hope Mr. Beilby will succeed in 
increasing the sale of soft scale. 




HIGH TEMPERATURE THERMOMETERS. 

1IY JAM US MUItltlK. 

Sisck reading the paper on a new series of 
thermometers before this section of the Society last 
session, a few modifications have been made for the 
purpose of indicating very high temperatures, a des¬ 
cription of which may prove interesting. 

The principles embodied in the construction of the 
apparatus have been already explained (Journal, iv. 
<l. r >, ISO). The essential feature consists in the 
raising of the boiling point of a liquid by pressure, 
the liquid being confined in an expansion chamber, 
which forms one end of a hollow tube, the opposite 
end of the hollow tube being practically scaled by 
means of a pressure indicator. On taking indications 
of temperature, tho expansion chamber is subjected 
to tho action of the heat: tho confined fluid in conse¬ 
quence expands, and in the act of expanding tends to 
compress the liquids placed in the hollow stem 
intermediate to the expansion chamber and the pres¬ 
sure indicator; the indicator being graduated to show 
the corresponding temperature. 

For indicating low temperatures, a fluid of compa¬ 
rative volatility may bo employed. For temperature 
above 400° Falir., mercury lms been found suitable, 
the upward limit of an instrument for continuously 
indicating the temperatures being 1700" Fnhr. 
Abovo this point the metnl becomes too plastic and 
porous to contain tho vapour. 

For continuously indicating temperatures above 
1700“ Falir., the apparatus is not adapted, although 
it can be modified to cnnlilo indications being taken 
at intervals, tho maximum range being about 4000" 
Falir. The expansion chamber is enveloped in. a 
conducting body, and attached to, or forming part of, 
the indicator is a time recordor. On tho expansion 
chamber with its coating boing brought in contact 
with tho heating body, tho mercury In tho expansion 
chamber is slowly heated, depending moro particu¬ 
larly on tho intensity of the heat surrounding said 
casing. The indicator registers tho degreo of heat, 
and a chronograph records tho timo takuu to raisotho 
temperature of the mercury between two predeter¬ 
mined points. It is, of course, necessary to withdraw 
the instrument from tho action of tho heat before 


the temperature of the mercury is sufficiently raised 
to create a pressure which would destroy the instru¬ 
ment. 

For very high temperatures, more particularly 
when the heated body is in a gaseous form, the diffi¬ 
culty is in obtaining a sufficient volume of gas at a 
nearly uniform temperature. Above 3000° Falir., the 
temperature is rarely constant for any period at a 
fixed point, and in consequence the mdioations 
obtained by means of the apparatus cannot be taken 
at the maximum temperature existing in the furnaco 
or oven. When the heated body is in a liquid form, 
and the chamber completely immersed in the metal, 
the temperature can be better determined. 

For temperatures under 1700° F., the main difficulty 
experienced has been in preventing leakage of tho 
confined fluids, a very slight leakage having the effect 
of emptying the chambers of their contents. 

This difficulty, however, might possibly be lessened, 
if not overcome, with the result that the duration of 
immersion would not materially affect the accuracy 
of the register of temperature. In stating this I 
understand that a London scientist has given cx- 

I nession todilferent views from those 1 haveembodied; 
mt I have seen nothing to shako my convictions as 
to the accuracy of my conclusions in the matter. 

In answer to various questions, Mr. MuitltlE said : 
The only liquefied gas which lms been tried in tho 
thermometer is liquid carbonic anhydride. It is at 
present very difficult to reduco hydrogen, nitrogen 
and other gases, to the liquid state; but I am at 
present engaged in a now process for liquefying gases 
rapidly and with facility, which at present I am not 
at liberty to describe. In the case where liquefied 
gases are employed, the inner chamber is, by means of 
a tube with a stop cock, connected with a generator 
in which the gas is liquefied, and from which tho 
chamber is charged. The highest temperature at 
which these liquefied gases can be used depends on 
the pressure ol the saturated vapour. Some of these 
vapours linvo so great a pressure at ordinnry tem¬ 
peratures that it would be impossible to retain them 
m such an apparatus ; but liquefied carbonic anhy¬ 
dride, for example, could be kept in the thermometer, 
say, to tho temperature of boiling water. To take tho 
temperature of a small blast furnace, it would have 
to be so constructed that the chamber of the ther¬ 
mometer, when inserted, would bo surrounded by 
some comparatively non-conducting material. Thus, 
the mercury chamber would bo surrounded with clay, 
through which heat passes very slowly. The mercury 
becomes heated at a corresponding rate, and the time 
taken to heat tho mercury, say, to 1500° F., is noted 
on a chronometer, and the temperature calculated 
from this. 
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The opening Meeting of the First Session of this Sec¬ 
tion ims held in the Laboratori/ of the Basford 
Station of the Nottingham Corporation Gas Com¬ 
mittee, on Satwdai/, November H, ISSo. 


ON THE ANALYSIS OF OAS COAL. 

11Y LEWIS T. WEIGHT, F.C.S , ASSOC. MEMII. I.C.E. 

Coal analysis as understood by a gas-maker refers 
principally to two important factors—-viz., the volume 
of gas a coal is capablo of producing, and its lumi¬ 
nosity under the conditions of his manufacture. Of 
course there are several other points,such as quantity i 
and quality of coke, tar and ainmonincal liquor, 
sulphur, ash, etc., which must engage his attention ; 
but the first question he naturally asks in reference 
to a new coal is, What quantity of gas will it pro¬ 
duce, and of what candle-power? A correct know¬ 
ledge of the capabilities of a coal is of double im¬ 
portance to us us gas manufacturers. In the first 
place we ran assign to* it a pecuniary value, and in 
the second place we arc, by a knowledge of the 
various coals we employ, enabled to better supervise 
and control our operations, and determine our manu¬ 
facturing losses—if any. 

In the present paper I propose to consider the 
various methods of analysis, anci, to some extent, by 
comparison, to discuss their relative merits, and 
finally to compare the results of the most approved 
method with actual manufacturing experience. 

For the examination of a coal from a gas-maker’s 
particular point of view, there aro several means— 
(1.) To make a proximato analysis, and thereby dis¬ 
cover how much moisture, volatile matter, coke, ash, 
and sulphur the coal contains. (2.) To make a 
practical nnalysis of the coal by distilling it («) either 
in a small iron retort with other necessary apparatus 
for collecting the gas and measuring its volume, etc.; 
or (4) in a setting of day retorts as used in modern 
gas manufacture, with other necessary plant for 
exhausting, condensing, vrubbing, purifying, measur¬ 
ing the gas, and collecting and measuring the liquid 
products and coke, just on the same lines as wc 
operate in gas manufacture. There is another 
method—-viz., elementary analysis, perhaps of more 
interest to a chemist than to practical people, but 
which should not bo neglected if a complete know¬ 
ledge of the coal is required. 

Elcmcntara Anahpix I will not enter into, ns it is 
fully treated on in the best text books, such ns 
Fresenius’, etc., but merely mention that the oxi¬ 
dising material preferred is lead chromate. 

ProximateAnali/sis .—Proximate analysis may be 
said to consist of the following determinations:— 
Moisturo lost at some given temperature; volatile 
matter ; fixed carbon ; ash ; sulphur. 

The. first determination is that of moisture, and nt 
once plunges us into doubt. At what temperature 
shall the sample be dried? It being known that coal 
docs not lose all its moisture nt 100° C., some recom¬ 
mend drying at higher temperatures than that of 
boiling water. Hinrichs says, put down as moisture 
the loss in weight of finely-pulvoriscd coal after 
drying for one hour at a temperature between 105° 
and 110’ C. Fresenius recommends HO’ G. ; but 
coal dried nt 110° C. will lose more water if further 
dried at 150° C., and so on. So it does not appear 
that a tompornturo of 110’ G. has any special recom¬ 
mendation in respect of obtaining all the moisture, 
Since 100’ C. is a temperature easily secured and 
maintained constant by means of a water-bath, I 
lmvo adopted it ns a standard. 

Tho usually adopted rulo of estimating moisture 
by loss of weight in drying at a given temperature, 


is to proceed with the drying until the weight of the 
Rubstanco becomes constant. This procedure is not 
freo from error. In tho first place, the loss of weight 
by drying at about 100’ C. for any given time does 
not equal tho actual amount of water evolved. In 
the second place, if most samples of coal be examined 
by the drying method of weighing nt certain inter¬ 
vals of time, it will be found that after a time tho 
samples not only cease to lose weight, but actually 
gain. This gain 1ms been noticed by different ob¬ 
servers. Hinrichs attributes the increase to the slow 
oxidation of some matters in the coal (pyrites, etc.); 
but this is a subject deserving of independent inves¬ 
tigation, and wiil perhaps be found to be due to the 
absorption of gases into the pores of tho coals left 
vacant by tho expelled moisture. It is reasonable to 
suppose that tho increase of weight which only ex¬ 
hibits itself after a large portion of tho moisture has 
been got rid of, has really been taking place during 
tho whole period of the drying process. In that case 
tire water actually lost will be more than is shown by 
loss in weight, and this I have always f ound. Some 
experiments with coals of different character will 
exhibit this :— 

Scotch splint, finely powdered, dried H 
hours In im iilinosphoro of coul 
HOB— 

Moisturo lost nt 1D0' C„ weighed ns 
water in 11 dryimr-tuhe. In) X0‘22 per cent. 

Moisturo estimated by loss of weight 
in dryhiK tho coal at 100' C. (fi) D'GC ,, 

Another experiment Kivcu for the 

two methods . (n) lO'.'II „ 

(hi H'70 ., 

Durham gnsconl . In) l‘T0 

|(d 1-51) „ 

"Welsh cniincl. («) fit „ 

iri t"3G „ 

The difference between the two methods may be 
taken to represent the increase in weight during the 
drying process, and limy be tabulated ns follows :— 


Scotcli splint, Itrsl experiment. OfSC per cent. 

Do. do., second experiment . l)-55 „ 

Welsh cBimel. lifts „ 

Durham gus-COdl. 0 f’O „ 


From which it might be concluded that the increase 
in weight varies in some direct proportion with the 
moisture. 

It will therefore be seen that the ordinary method 
of determining the moisture in coal by loss of weight 
in drying is not satisfactory, and that where accuracy 
is required, tho wntcr must be actunlly weighed as 
such, in any case I would suggest 100’ G. as the dry¬ 
ing temperature. The determination of volatile 
matter will be found even less satisfactory than 
tho foregoing determination, until somo standard 
method, however arbitrary it maybe, has been ndopted 
by all operators. Professor Hinrichs states that the 
total volatile matter of coal is determined with 
accuracy (1 milligram on lgrm. of coal) by taking 
1 to 2grm. of undried pulverised coal, heating for 
:iA minutes over a Bunsen burner (bright red heat), 
and then immediately, without cooling, for tho same 
length of time over a blnst gas-lamp (white heat); 
amt he lins published somo experiments in support of 
his conclusion, from which tho following series is 
quoted:— 

Weight uf Coul, Vol "j."“ Deviation. 

riiionriu. -liras -o-is 

1-117 . -Ill"87 . -MTU 

1-07X1 . lirgo -Hl'OU 

AvcniKO. 10'Tli 

(Jrciilest dlflereneo .. 0'20 

Adopting tho nbovo method of Iliuriclis, I ob¬ 
tained, by exercising extreme rifle, the following 



















Nov. 30,1885.1 THE journal of the society of chemical industry. . 


657 


results with two different samples of undried 
powdered coal— 

Dean’s Primrose Gas-Coal. 

(This coal has been exposed to the atmosphoro in a finely 
powdered stnto for two years.) 

Weight o! CoM. “Mottcr. Deviation. 

2*018grm. 31*22 -0*28 

2 ' 0 it ,, :uta +o*i 2 

2 009 „ 31*0G 4-0*10 

Averogo. 31*50 

Greatest dlirercnco . 0*11 

SlLKSTO.VE GAS-COAT. 

2*0.)0grm. 11*57 +0*28 

2*022 . 40*30 -0*33 

2*005 .. 11*33 +0-10 

Average. 11*29 

Greatest dlll'cronco . 0*07 

The nbovo experiments are not selected, but were 
consccutivo, anil though not so promising as those 
published by Hinrichs, they aro fairly comparable. 

iho following experiments were mado by myself. 
Iho method of operation was to weigh the coal in a 
thin platinum crucible without the cover, which was 
only used during the heating and cooling in the 
desiccator. The reason for not weighing the cover 
was that it becomes coated on the inside with a thick 
deposit of soot, which clearly belongs to the volatile 
matter. The inside of the crucible also acquires a 
thin carbonaceous deposit (in some of the experi¬ 
ments allowed for); but the error due to this deposit 
is small compared with thosoduo to different systems 
of baiting* However, it always tends to make the 
volatile matter too low. In these experiments vola¬ 
tile matter includes all moisture. 

1. Experiments with Scotch Rplint coal (moisture 

10*20 per cent.). Gas _ llamo GOOnim. long, 
100mm. diameter ; coal in small lumps; llaiuc 
applied until nil appearances of gases ceased 
issuing from under lid of crucible :— 

Weight of Coal. V,,l 1 n ‘“^ I 1 l ; t tt< * r : Deviation. 

4*7GSgrm. 11*01 ". - 1*11 

.. 13*10 +0*30 

.11 <2 . 13*90 +1*10 

JUH .. 12*10 -0*10 

Avorago. 42*80 

Grcatcul dlll'cronco . 2*27 

2. Coal iinnlly powdered, all other conditions as in 

abovo series:— 


corrected for 
('nrlKin. 
Per Cent. 
... 13G0 ... 


Weight of 

Curium Dcix+it 

Volatilu 

.Matter. 

Coni. 

on Criiciliti. 1 . 

l'i*r Cent 

1‘llOgrm. 

.... 0*003 ... 

13*25 

I'A)1 .. 

.... _ 

41*01 

2*872 „ 

.... 0001 ... 

43*48 

43*27 

3*000 „ 


3*878 „ 


42*13 

1*939 „ 

.... 

12*70 


Avorago . 

Greatest (inference 

73*21 


This method of heating till all appearances of gases 
cease issuing from the crucible, has not been found 
satisfactory. Tho experiments with powdered coal 
appear least so; but against this view might he 
urged tho greater difference in tho weights of coal 
taken for each experiment. 

3. Wolsh cannel (moisture -1*7-1 per cont.). Gas- 
*lamo as boforo, but heating continued for a 
constant period of !)0 seconds .*— 


Weight of Coni. 
2*005grin. . 


Volatilu Mutter. 

I'cr Cent. 

.... JU*17 .... 
.... 18*711 .... 
.... 18*2(1 .... 
.... 18*91 .... 


4. Silkstone gas coal (moisture 7*75 per cent.). 

Same conditions as in series No. 2, with tho 
exception of varying power of gas-flame— 

Volatile Mnttcr. Length of 

Per cent. Giu-Flamc. 

41*35 . GOOnim. 

40*23 . 300 „ 

301H . 200 „ 

39*48 . 100 „ 

These experiments show fairly well the differences 

due to the power of the gns-llame. 

5. A method was tried of heating until the gases 

ceased, and then heating for a further period 
of 1 minuto. Gns-iiame 600mm. long, 100mm. 
diameter; coal powdered :— 



Vol.it 11 o 


Timo 

Total 

Time. 

Weight of Coal. 

Matter. 

Deviation. 

Gates Ceased. 

Ter Cunt. 


in. s. 

m. s. 

ri87grill. .. 

.. 10*00 ., 

... +001 . 

... i 0 .... 

. 2 0 

1*103 .. 

.. J0*53 .. 

... -0*12 . 

... 1 15 .... 

. 2 15 

3*112 

.. 10*70 .. 

... +0*05 . 

... 2 30 .... 

. 3 20 

4*150 

.. 40*70 

... +0*05 . 

... 3 20 ... 

. 4 20 

Avorago.. 

.. 10*05 





Greatest dlirercnco . 0*17 

Those results were thought to be sufficiently good, 
and tho method was afterwards tried with various 
samples of coal. 

0. Dean’s primrose gas coal (fresh). Conditions tho 
samo as in series No. 5 





Timo 

Total 

Wright of Coal. 

Matter. 

deviation. 

Owes coasrd. 

Tjino. 


1'crcunt. 


m. s. 

>n. ■. 

2*02lgrm. ... 

... 33*59 ... 

... + 0-01 .. 

.... 1 10. 

.. 2 40 

2‘0GG . 

... 33*51 ... 

... — 0*00 .. 

.... 1 50. 

.. 2 50 

2*139. 

... 33*80 ... 

... + 0*08 .. 

.... 1 55. 

,2 65 

Avorago. 

... 33*80 





Grcalealillirerenco.0*12 

7. The same powdered sample of coal was tried 
after two years’ exposure to air. Gas-ilamo 
GOOnim. long, 100mm. diameter 

Volatile Tinio Total 

Weight of t'ool. Matter. Deviation. Gu«ci ceaieil. Time. 

lVrOrnt. n>. »- ■». a. 

(1) 2*030grm. .. 30*83 . + 0*02 2 1 0 . 2 40 

(2) 2*113 „ .. 31*01 + 0-1S.2 15.2 50 

(3) 2*005 ., .. 3007 — 0*19 2 10 3 20 


Average_30*88 

Greatest dlirercnco. 0*37 

The timo required to expel tho gases in theso threo 
experiments discloses nn apparent anomaly which re¬ 
quires explanation. In nil experiments it had been 
the practice to maintain tho coal-dust as an even layer 
on tho bottom of tho crucible, and to keep the cruciblo 
in an upright position during the heating. Tho ring 
which was used in this series (7) being small, caused 
the crucible to cunt over, and shifted the coal-dust 
into a little heap in tho corner. This heap being 
thicker in the centre than it would hare boon it spread 
evenly over tho bottom of the crucible, was less 
favourably disposed for quick heating. This explana¬ 
tion of the apparent anomaly was verified by an 
examination of tho coke residue. Trifling ns this 
point may appear, it should havo attention in accurate 
experiments. 

8 West Levcrson coal. Samo conditions ns in 
No. 0:— 

,, , Timo Total 

Weight of Coal. ' JVrCent. ccaicd. Time. 


2*0Slgrm. 
2*113 „ 


m. a in. t, 

1 50 . 2 50 

2 10 . 3 10 


Avorago . 32*28 

Dlll'cronco. 0*21 


0. Lovcrson coal. Samo conditions as in No. 8 :— 


Weight of Coal. 

2*l53gl*m. 
2*005 „ 


Volatllo Matter, 
l'er Cent. 


Tima 

(inseu conned, 
m. >. 

... 1 55 ... 
... 1 60 ... 


Avorago. 18*78 

Greatest dilloreneo . 0‘0l 


Avorago . 33*07 

DlJIorouce.0*1 
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10. Felling Slain coal. Same conditions ns in No. 
8 :— 


Weight of Coal. 

Volntilo Matter. 
1’er Cent. 

Time 

Gases cciifciI. 

Total 
Time, 
m. n 

2-205grin. 



... 8 0 

2-211 . 

. 81*80 _ 

.... 2 0 . 

... 3 0 

Average 





Diflercnco. 

1-08 



11. Australian shale. SamoconditionsnsinNo.8:— 


Weight of Coal. 

Volatile Matter. 
I’er Cent. 

Time 

Gases ecu soil. 

HI. s. 

Total 
Time, 
in. 8. 

2-OOagrm. ... 

. 7S-G0 . 

.. 1 20 . 

... 2 20 

2*017. 

. 78*58 .. 

.. l i»5 . 

*» 

2-013 „ 


.. 1 i»6 . 

... 2 20 

Average 




Greatest IJlIl'erenco 

. o-ll 



Series fi, (J, 8,!), 10, and 11 were all conducted in 
the same manner, and with the exception of No. 10 
were very satisfactory. For want of a better method 
I have adopted the following :—Tako about 2grm. of 
finely pulverised coal, and let it form an even layer 
on the bottom of a thin platinum crucible. Weigh 
without cover, place the crucible (with cover on) in 
an upright position on an iron ring, round which has 
been wound sufficient platinum wire to prevent con¬ 
tact between the iron and the platinum crucible. 
Then apply a powerful gns-llame (to secure even 
results endeavour to keep the same length of tlamein 
all experiments). Note when the gases cease issuing 
from under the lid ; allow one minute further heat¬ 
ing ; remove the gas-flame, place the crucible and 
cover in a desiccator for about five minutes to cool, 
and then weigh without cover as soon as possible. 

It is extremely difficult to get fair samples of cannet 
coal, there often being several layers within a few 
inches of widely different quality. The following 
case is quoted A pieco of curly cannel was taken, (i 
inches deep, and on examination it was found that it 
consisted of various thin lnyers without any very 
sharp definition, but gradually merging together. The 
different appearances of the layers and the volatile 
matter arc ns follows :— 

„ , , f "S’S percent. 

Very bright black curly .1 7G u „ 


, I'U'I 

Shiny curly . 7G\"t 

Hull curly. GOT) 

Smooth . lil '7 


The determination of ash is one that admits of great 
accuracy, if performed with due care. The veiy com¬ 
mon mode of operating in platinum boats or dishes, 
placed on an open flame, is subject to a serious error, 
due to draughts carrying away some of the very fine 
and light particles of ash. Cannel and easily incinera¬ 
ted cokes may be treated in a deep platinum crucible; 
but very refractory cokes and such substances ns gas 
carbon require a different method. 

Weigh about 2grm. of the coal or coke in a piece of 
platinum foil, rolled so ns to admit of its easy passage 
into a piece of combustion-tubing of about lin. dia¬ 
meter, and heat to redness, whilst a very gentle cur¬ 
rent of air is being drawn through the combustion- 
tubo by means of an aspirator. Working in this way, 
a beautifully clean ash can bo obtained in a very 
abort time ; but it is necessary to guard against using 
a heat that would cause the foil to fuse to the glass. 
It is well to know that coko absorbs moisture very 
rapidly. For this reason it is best to take a separate 
portion of coal for the ash determinations, and not to 
weigh a portion of the coko obtained in tho volatile 
matter determination. The ash should bo saved for 
tho further determination of tho sulphuric acid 
therein. 

For tho determination of total sulphur there have 
been suggested innumerable methods, such as fusion 
with alkali and ulkalinc carbonates and nitre ; boiling 


with hydrochloric or nitric acid and chlorate of potash : 
aqua regia; fuming nitric acid under pressure in sealed 
tubes ; combustion with calcic hydrate, etc. ; but, in 
my opinion, by far tho best and simplest method is 
that of Nakamura, which is thus described :— 

It consists in heating the coal below a red heat in 
contact with alkaline carbonates, by which the coal, 
whether [bituminous or not, rapidly undergoes, without 
evolution of smoke, complete atmospheric oxidation in a 
manner hardly to have been expected. The details of 
the method are ns follow :—Take 3 or 4 parts of tho 
mixed alkali carbonates, or of sodium carbonate, to 1 
part of coal in very line powder. Intimately mix in a 
large platinum dish or crucible with a dry glass rod, and 
heat the mixture in the dish or crucible loosely covered, 
at first so gently as not to volatilise the hydrocarbons— 
that is, so that no smell, or only a very faint aromatic 
odour, is observable—a matter much more easy of execu¬ 
tion than might be supposed. Use an Argaml spirit- 
lam]) instead of a Bunsen burner, to avoid possible ab¬ 
sorption of sulphur from the ilnnie of coal gas. Keep 
at a low temperature for some time ; then raise the heat 
by slow degrees (without letting it reach that of visible 
redness) until the surfnee, which is at first of a dark grey 
colour, becomes only faintly grey. No smoke or odorous 
gases should escape during the whole of the oxidation. 
When the surface becomes only faintly grey, raise the 
temperature to a faint red heat, and keep it stationary 
for about 40 to fiO minutes, nt the end of which time tho 
mass will become almost perfectly white, or reddish if 
the coal contains iron, from tho complete combustion of 
the coal. The mass is then treated with water, filtered, 
nud the sulphate is determined in thefiltratens usual nftcr 
acidification. To succeed in the complete oxidation of 
coal by this method, it is most important to pulverise it 
as fine as possible. Thu best plan is to sift it through 
cotton cloth. . . . Stirring the mixture during the 

oxidation impedes the process instead of hastening it, 
probably by closing the passages left by the uuconsumcd 
coal. 

If the above directions are well carried out, the 
method leaves nothing to be desired. 

It is necessary to distinguish between the sulphur 
! which goes over in the volatile matter, the sulphur 
left in the coke (which, however, can be converted 
into sulphurous acid by combustion), and the sulphur 
which is finally left in the ash combined ns sulphate. 
For this purpose three determinations are required— 

1. Total sulphur by Nakamura’s method. 

2. Sulphur which is converted into sulphurous acid 
by combustion of tho coke in air. This cun 
be done by roasting a quantity of coke represent¬ 
ing a known quantity of tho coal on platinum 
foil in a glass combustion-tube, and aspirating 
the gaseous products of combustion through a 
solution of iodine or bromine. 

3. Determination of sulphur in ash. This can be 
done in most cases by boiling tho nsh with a littlo 
hydrochloric acid, filtering and determining the 
sulphuric acid in the filtrate in the usual manner, 
or by fusion with nlkalino carbonates. 

Pnoxi.MATK Analysis ok Australian Shark 
(sp. gr. 1040T). 

Wilier lost n! lOO’C . 0‘11 — 

Volatile nmUer. 77*00 .. Corrected for sulphur, 

Fixed carbon. fi'/iO ,, „ 

AhU . 15*W .... 

Sulphur in volatile matter] 0*1518 

,, ilxeil carbon.. [ 0*18] .. 0*0121 

,, nali .) l.. Q01H7 

100*00 

The practical method partakes of two forms—u 
partial imitation of the process of gas-making on a 
small laboratory scale. This method has tho advan¬ 
tage of being rapid and fully under control, and being 
ellected in small compact closed uppurutus, can be 
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conducted without any of the losses of a large manu¬ 
facture, and gives us as a result an ideal that cannot 
perhaps be entirely reached in a large-scale manufac¬ 
ture ; yet tells at once what is in the coal, and what 
we must try to secure in our works. The other prac¬ 
tical method is by conducting a gas manufacture just 
as in actual practice, with large plant such as is in 
vogue. 

Laboratory Practical Analysis .—The apparatus 
consists of a small find accurate weighing-machine, 
provided with an arm scaled to hundredths of a pound 
and callable of easily turning to this quantity. A 
cast-iron retort 3ft. Gin. long, of D section S x 34, 
closed at one end, set horizontally over a furnace, willi 
flues so arranged as to admit of its being evenly 
heated to any required reasonable temperature. A 
length of about four inches of the open end is left 
clear of the brick-work, to provide for the mouthpiece 
lid and ascension pipe. A chimney, fitted with a 
damper, is arranged in connection with the flues, to 
create a draught capable of regulation. The open 
end of the retort protruding from the brickwork lias 
fitted to it a lid or door hinged on the left hand side, 
fitted with a cross-bar, which engages in a catch in the 
right hand side of the mouth of the retort, and a 
screw arrangement for pressing the lid to the end of 
the retort so as to hermetically close it, both mouth¬ 
piece end and door being properly faced. 

On tho ton of the protruding end of the retort, and 
at right angles to it, a Sin. pipe, provided with a cock, 
is screwed in to form the ascension pipe and valve for 
closing it off from the other apparatus. From the 
ascension pipe, a rather smaller one (say ]4in.) is car¬ 
ried at a height of nbout 7ft. from the floor, so as to 
allow of head-room, and is turned down again to con¬ 
nect to a condenser conveniently placed against a 
wall, so as to bo out of the way. This condenser is 
made up of about GOft. run of a Jin. pipe, provided 
with cocks to run oil' the tar and liquor which collects. 
These pipes are placed in a water tank. The inlet to 
tho condcnsor is fitted with a cock, and the outlet to 
two small cast-iron purifiers, 12in. x 12in. x Gin., having 
cast-iron lids dropping into water-tubes cast on the 
sides of tho purifiers. The weight of theso lids is 
sullicient to hold them in their places without fasten¬ 
ing. The inlet to these purifiers is at tho bottom : 
and about Sin. above, on small feet, is a wooden grid 
to hold the purifying material (moist slaked lime), a 
small tubc-liko arrangement is cast on the inside 
leading from the top to the bottom, down which the 
gas passes, after having traversed upwards through 
four inches of lime, and then by a piece of gas-piping 
to the inlet of the second purifier, which is similar in 
all respects to the first. To the outlet of the second 
purifier is a pipe leading to the inlet of the gas-holder. 
This gas-holder lias a cnpacity of about 12 to 13 cubic 
feet, and carries oil it a vertical brass scalo accurately 
divided into cubic feet, tenths and hundredths. The 
holder works in a cast-iron tank filled with water, 
and is fitted with rollers, top and bottom, for guiding 
it in its passage up and down. Tho rollers at the top 
arc two in number, and work against a guide-rail 
placed on two upright pillars mounted on the top of 
tho tank, opposite each other. These pillars arc con¬ 
nected by a crosshead, whereon ismountcdawheol,over 
which travels a strong wire cord, connected atone end 
to the centre of the crown of the gas-holder, nnd at tho 
other to an iron rod nnd circular pluto, to carry the 
counterpoise weights—slotted circular discs of cast- 
iron. A pipe which passes up through tho tank 
above tho water-line serves ns inlet nnd outlet by an 
arrangement of 3 cocks on each log of a T piece placed 
outside. Tho gas can be caused to either enter the 
holder from tho purifier, or go out from it to tho pho- 
tometor, or go from tho purifier to tho photometer 


direct, without communication with the holder. To 
compensate for the increasing weight of the gas¬ 
holder when rising out of the water, a special counter¬ 
poise is arranged, which need not be specially 
described. The crown of the holder is flat, excepting 
at the centre, where there is a sort of cap just over 
the ascending pipe, which is a few inches above the 
crown when tlie holder is down. The object of this 
is to ennble the water to nearly fill the crown 
of the holder without flowing over the top of 
the ascending pipe, nnd thus stooping the flow of gas. 
As even then some water might by accident get over, 
a small plug or tap is placed in the pipe outside tho 
tank to admit of the removal of such water. A ther¬ 
mometer and water-gauge are mounted with tho 
holder to indicate the pressure nnd temperature. 
When gas is entering the holder from the retort during 
an experiment, tho holder is counterpoised so that the 
the water-gauge is level. When it is desired to removo 
gas from the holder, ns in testing it by the photo¬ 
meter, weights ore taken off the counterpoise rod to 
produce any convenient pressure. Before commenc¬ 
ing a trial, some of the coal to be tried is placed in 
the hot retort, and thegns allowed to enter the holder. 
This gas is blown back, and burnt at the mouth of 
the retort, the cock in ascension-pipe then closed, nnd 
the residue in the retort carefully raked out. Thus 
the whole apparatus is charged with gns of similar 
nature to that to be examined. Then the cock lead¬ 
ing from tho holder to tho photometer, nnd the cock 
on the ascension-pipe being closed, and nil other com¬ 
munication open, a quantity of 2'2-llb. of tho coal, 
or inOOth part of a ton, is introduced by means of a 
suitable long iron scoop into the hot retort nnd 
turned over. Three simultaneous operations have 
now to be performed. The scoop 1ms to bo drawn 
rapidly out with the right band, nnd dropped ; the 
left hand closes nnd screws up the lid or door of the 
retort, nnd the right hand being free, opens the cock 
on the ascension-pipe. With practice, tin's combined 
operation can be so performed that no gns escapes, Tho 
gns then passes through the condenser nnd purifier into 
the holder, and in a quarter to hnlf-nn-hour, according 
to the heat and nature of the coal, all gns is extracted. 
To ascertain when this is complete, the gas-holder 
scale can bo watched till it remains stationary. Rut 
I prefer also placing a wnter-gaugo on the pipe lead¬ 
ing to tho condenser, nnd by shutting the tap on tho 
inlet before mentioned, observing whether there is 
any movement of the gauge, which there would be if 
any gns were coming from the retort. This point 
satisfactorily settled, the cock on ascension-pipe can 
bo closed, the retort door opened, nnd the coke raked 
out into an iron pan, nnd carefully weighed. The tap 
on the inlet gas-holder being closed, nnd tho one 
leading to the photometer open, the illuminating 
power can be determined according to usual methods. 
It will be observed that this apparatus, as above- 
described, only provides for three results. (1.) Tho 
quantity of gas. (2.) Its illuminating power. (3.) Tho 
weight of residual coke. Rut by means of a con¬ 
veniently-designed condenser, 1 have found it possi¬ 
ble to obtain a fairly nccurato idea of the quantities 
of tar nnd gas-liquor yielded ; but, ns no scrubbing 
operation is arranged for. the total quantity of am¬ 
monia is not obtainable. These two quantities—tho 
tar and ammonia—nro generally neglected on this 
form of testing apparatus ; tho chief desideratum 
being a rapid means of finding tho gas-making value 
of tho coal. Tho volume of gas, if collected iu tho 
holder, is of course corrected for temperature and 
atmospheric pressure to tho standards of (i0° F. nnd 
30" Bar. by means of tho lablo on pages GOO nnd 001. 

This apparatus, properly and intelligently handled, 
gives results of tho utmost valuo to tho gas-makor; 
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but since there arc no losses, as in a great manufac¬ 
ture, and for other reasons to be explained Inter, the 
results are always higher tlnn those found in actual 
working practice. They give, subject to what 1 shall 
have afterwards occasion to remark respecting influ¬ 
ence of temperature, and containing vessel of distilla¬ 
tion, what is in the coal, and what the gas-maker must 
endeavour to produce on the working scale. 

For many reasons, in a large gas undertaking it is 
desirable to have moro practical and extensivo infor¬ 
mation concerning the quality of various coals, and 
their all-round behaviour in large working plants that 
experience has evolved. For instance, the retort 
now-a-days must be of lire-clay, the cost of wear and 
tear of iron being prohibitory. Then an exhauster is 
required to relieve the retort of pressure, since a 
system of counterpoised holders would not bo prac¬ 
ticable. To enable coal to be tested under the actual 
conditions obtaining in a modern gasworks, the Gas 
Committee of Nottingham decided to erect a small 
gasworks, which is to all intents and purposes part of 
the manufacturing plant. At one end of one of tho 
retort houses was n coal store, and in this was erected 
exhausting, condensing, scrubbing, purifying, and gas- 
measuring plant capable of dealing with one, two, or 
threo sets of retorts in regular work. Thus the ex¬ 
pense of any special buildings ; retort settings, and 
gas-holder was obviated, the simple addition being 
tho plant nboye-mentjoned. Thus, gas from sets of 
retorts as ordinarily "worked, could, be separately 
measured and examined, and the fullest information 
obtained in a practical and useful manner concerning 
any coal. The hydraulic main connected with the 
above-mentioned threo sets of retorts was by means 
of diaphragm,s inade into three sections, one for each 
set, and by suitable arrangement of pipes and valves 
one, two, or all of these sets could be connected with 
the special testing plant, or with tho plant of the 
regular gnsworks. The gas, then, from one, two, or 
threo sets can be separately carried to a I’elouzc and 
Attdouin condenser, then to a steam jet exhauster 
water. condenser, two scrubbers (one for washing tho 
gas with aininoniiical liquor and the other with clean 
water), to two purifiers charged with lime, small 
station meter that had been in use for a somewhat 
suitable purpose, and was of admirable construction 
and ample size for the purpose, and finally to one of 
the works’ gas-holders. By proper arrangements of 
steam traps and governors a very perfect vacuum is 
secured (this is a point of utmost importance), all tho 
connections and plant are of sufficient size, so ns to 
avoid obstructions and to prevent undue and unequal 
resistances. Thermometers and water gauges are 
connected to every important part of the apparatus. 
A small steam pump for circulating the liquor tluough 
the first scrubber, water meter to measure the quun- 
tity of clean water added, and proper valves to all tho 
plant. Tho station meter was brought to exact 
agreement by numerous tests with a standard test 
meter, made by a celebrated maker, which corre¬ 
sponded accurately with two standard gas-holders 
made by different competent makers. The whole 
plant from retorts to meter is perfectly open to obser¬ 
vation, and the pipes are above ground. There has 
been no trace of leakage, but any would be immedi¬ 
ately observed. Tho seals of condensers and scrubbers 
are connected to a tank accurately made, so as to con¬ 
tain 10 gallons to tho inch. In this tho tar and liquor 
made is measured, but ns it is sometimes difficult to 
find tho exact level of separation between the tar and 
liquor, tho former at the end of every twenty-four 
hours is pumped into a soparnte measuring tank, to 
confirm tho measurements obtained from the other. 
The coal to tho setting of retorts—each of which con¬ 
sist of fourteen single or seven through retorts, 18 x 


13, D section, 18 feet through—is weighed on a 
machine continually checked, but examined also once 
a year, together with all the others in the works, by 
the maker. The weighings arc also checked by the 
gross and tare weights of the coal wagons ns they 
come in and go out of the yard. The coke drawn out 
is also accurately weighed, and its quality and appear¬ 
ance observed. The retorts are charged as regularly 
ns possible to obtain the proper regularity of quality, 
and generally carry 2 cwt. charges in five hours ; but 
this, of course, is varied if required. In that manner 
the normal weight of coal per set per twenty-four 
hours is (j tons, 14 cwt., 2 quarters. No charge is 
drawn unless properly burnt off. Each hour tho 
meter index and thermometer and jet photometer 
and Girotid’s vcrificateur readings are taken anil 
recorded. Every two hours the gas is further tested 
in a first-class photometer provided with a Mcthvcn 
standard burning town works gas, which is of very 
regular illuminating power. Daily the gas, on outlet 
of scrubbers, is quantitatively tested fur the slight 
trace of ammonia which occurs in gas, washed clean 
to litmus paper; for sulphuretted hydrogen carbonic 
acid gas and cyanogen compounds. Samples of tar 
and ammonincal liquor are taken and tested, a quan¬ 
tity proportionate to the day’s make being saved and 
collectively analysed at the completion of the trial, 
which generally lasts seven days to secure a good 
average. livery day also tho gas is tested for 
OS.,. The volume of gas registered is corrected daily 
by the average of the thermometer readings of tho 
meter and barometer records, by means of the tablo 
before referred to. Every ell'ort is made to secure 
absolute accuracy of observations, nnd various 
analyses not abovo specified are made from time to 
time, to obtain n knowledge of the coal and its pro¬ 
ducts of distillation, and in contiguity to the two 
plants is a chemical laboratory, where the analyses 
are niado by approved methods. 

With a large testing works like the one at Notting¬ 
ham, it will be evident Hint on first starting a trial 
after tho plant has been standing, say for some days, 
a little time will be required to get it into normal 
working, since the seals and other parts are charged 
with tnr and liquor from a previous trial of perhaps a 
totally different coal; the scrubbers, condensers, etc., 
are drained free from liquid products, and the whole 
apparatus is filled with stale gas; and even if the 
plant lias been in work immediately before changing 
over from one coal to another, some of the abovo con¬ 
ditions will apply. For reasons founded upon the 
above and similar considerations, the first 24 hours’ 
work, though accurately recorded, is not to be con¬ 
sidered satisfactory. Wc generally nrrango for a 
week’s working, which, with the deductions of tho 
first day and Sunday, gives a five days’ average. It 
will be useful to state that subject to the influence of 
temperature of distillation, us indicated by the volumo 
of gas made per ton, the result “ caudles per ton,” 
from one dny to another is generally satisfactory, nnd 
even when nil occasional discrepancy arises, it is duo 
often to difficulties in photometer testing, and would bo 
removed if, instead ol calculating the results from the 
bar photometer, we employed the average of the 
hourly readings of theinferontial tests,suchosGiroud’s 
vcrificateur or Lowe’s jet photometer. Tho yields of 
coke and tar from day to day are fairly concordant, 
but tho variations of ammonia arc always largo and 
rpiite outsido any possibility of experimental error. 
This matter of ammonia lias received a deal of atten¬ 
tion, and tho results must bo nccopted as nil index ol 
tlie true behaviour of this nitrogen product of coni 
distillation. Wo find in testing the crude gas of our 
gas-works the same variations from hour to hour, and 
i have frequently hud occasion to observe this 
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peculiarity in London. I have been making some in¬ 
quiries into the cause of this variability, but up to tho 
present am only in the position to say that it is not 
due to certain influences I had suspected. 


From a proximate analysis alone we can gather but 
little information as to the value of a coal for gas- 
making purposes ; it might expose a bad coal, nut 
could hardly make as sure of a good one. The coke 
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• Tills cuiincl la from tin entirely dlireroiit scum to that which produces the cunnol tlml hcmls this list. 


It will be expected that I should say .something about 
the practical values of the various methods of analysis. 

As to elementary analysis, cun one, from an in¬ 
spection of numbers giving the elementary composition 
of a coal, oiler a positive or even approximately 
valuable opinion concerning its uses to a gas-maker 1 
I would reply certainly not, as far ns our present 
information goes. It would take too much time to 
enter into my reasons for this statement, but un 
inspection of published _ analyses and gas-making 
results of various coals will, I think, convince anyouo 
of the justness of the above-expressed opinion. I 
think, however, that, whero possible, an elementary 
analysis should bo made of samples under practical 
test, for the composition of the same seam varies so, 
that unless tho two analyses represent the same bulk, 
anything like a close comparison could not be made. 

It is equally impossible also to form a definite or 
valuable judgment of the gas-making properties of a 
coal from the proximate analysis. Of course, broadly, 
wo can assume that tho gas-making valuo varies with 
tho volatile matter, less moisture—for instance, 
Australian shale, with 77 percent, v.m., gives U0,000 
candles per ton, and a Derbyshire or Yorkshire coni, 
with 35 per cent, v.m., about 35,000 candles per ton. 

For nusoluto practical information respecting a 
gas-making coal, wo are driven to a practical analysis. 

As to tho valuo of proximato analysis—whon other 
practical methods aro used, tho results peculiar to 
proximato analysis—viz., volatilo matter (not includ¬ 
ing water at 212”) and coko aro not so valuable, 
except perhaps in confirming what is found in prnctico. 


result accords, in my experience, remarkably well 
with the more practical ones. Tims, a Derbyshire 
coni gave 38 per cent, v.m., leaving 02 per cent, of 
coke, or 12M cwts. per ton. The laboratory practical 
analysis with iron retort (!) experiments) 12'37 cwts. 
per ton, with clay retorts (27 experiments) 12‘30 cwts. 
per ton. In another case— 

Proximato analysis. G3 - 83 por com., or 1270 cwts. por ton. 

I.nboratory practical analysis . 12-77 

Works pructlcul analysis. 12-09 tt ,, 

The laboratory practical analysis with iron retort is 
of grent value, but it will be necessary'in interpreting 
the results to recollect that the method of beating 
the coal is different to that used in practice with clay 
retorts. In tho former, tho heat is quickly conveyed 
through tho metal vessel, and there is no doubt in my 
mind that an iron vessoj exerts a chemical action 
upon the gas mndo therein. As far as volume ami 
quality of gas are concerned, wo always obtain better 
results with the small iron retort than with clay. 

But it is most iuiportaut to consider tho iniluunco 
of temperature upon tho results. it is customary 
to consider that within certain practical ranges of 
temperature the product of volume of gas yielded by 
its luminosity—-f.c., cubic feet per ton x illuminating 
powor per cubic foot per hour—is a constant for each 
coal. As wo dccrcnso the one factor, we proportionately 
increase tho other. When wo sny that a ton of coal 
contains—say 1)000 cubic foot per ton, wo do not mean 
that tliero is that fixed quantity and no mere nor less 
in it, but simply that under certain conditions of dis¬ 
tillation that quantity of coal yields 9000 cubic feet, 
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and it is implied that by either raising or lowering 
the mean temperature of distillation, more or less gas 
of more or less luminosity is produced. Now, it is 
important to enquire whether the variations in the 
two factors are proportional to each other, or, in 
other words, whether the product of quantity by 
luminosity is a constant for each coal. It is difficult 
to know what is the current opinion on this point. 
Dr. Schilling in his “Handbook of Coal-Gas Lighting,” 
speaks of the economy of “ high heats’’in a general 
manner, but also publishes the following table, from 
which it might be inferred that with an increase in 
the “ heat” there is a decrease in the total luminosity 
afforded by a given weight of coal. 

An Increased A dccrcnscd 
yield of gus. illuminating power. 

Zwickau Coal. IS per cent. 14 per cent. 

Snnrbriick Coal... IS ,, 21 ,, 

liohcinian Coal ... 25 ,, .‘10 ,, 

Old Pulton Coal ... 24 „ ,'ts „ 

Westphalian Coal 15 ,, 40 ,, 

Stockholm Coal... 20 „ 42 ,, 

With the exception of the first result on the list, my 
own experience differs from his, for I have always 
found, with carefully and properly conducted experi¬ 
ments, that with any coal I have experimented with, 
the product of volume by illuminating power, increases 
with the volume. 

In a paper on the influence of temperature of dis¬ 
tillation in the composition of coal gas, to be found 
it the Journal of l/u■ Chemical Society, March, 18S4, 
I showed the mfluenco of temperature in bringing 
out the light-atlbrding power of coal, thus 

Gas coal distilled Illuminating Candles per ton, 
at a temperuture power per or yield by 

to yield in cubic 5 cubic feet candles per 

feet per ton. pur hour. cubic foot. 

8,250 20-5 candles. 33.S25 

9.G93 17'S „ lit,510 

10.S21 10-75 „ 3D,250 

12,000 150 „ 37,400 

Taking the first and last results, wo find timt with 
an increased yield of 45l per cent., there is only a 
decrease in the illuminating power of 24 per cent.; 
and that there is a net gain of 11 per cent, by work¬ 
ing at the higher temperature. The following tablo 
will indicate this for a number of different coals. It 
is important that I should emphasise this fact that 
the product of volume by illuminating power in¬ 
creases with the volume. 


G/ib per ton. 

Illuminating 

Candles jier 

Cubic Feet. 

Power, Cumllcs. 

ton 

(Clay retorts). 


Can.nkl Coal. 


9350 


40,731 

9530 


47,832 

979S 


49,519 

9801 


50,503 


Yorkshire Gas Coal. 


10,735 


32,703 

10,882 


33,712 

11,212 


34,174 


Shale. 


7401 


37,970 

8100 


39,429 

8311 


39,027 


Cannel. 


9,411 


3S.077 

10 909 


41,781 


Derbyshire Coal. 

9,411 . 15-34 2S.873 

10,147 . 14-94 30,319’ 

10,294 . 15-30 31,499 

10,313 . 15-35 31,001 

10,757 . 15-27 32,852 

Dekiivsiiike Nuts. 

9.55S . 15-49 29,011, 

10,454 . 15-30 31.9S9 

I have before compared the yields of coke obtained 
by proximate analysis and practical methods. I now 
propose to consider the results obtained by the two 
practical methods in ordinary use - viz., the small 
iron retort and setting of clay retorts identical to thoso 
used in regular gas manufacture. The iron retort is 
one inch, the clay retorts are three inches thick. For 
the samo temperature difference between the inner 
and outer surfaces of tlieso vessels, there is in the 
some time 170 times more heat passed through the 
iron than through the clay.' The Hue or outside tem¬ 
perature employed in the clay settings if applied to 
iron retorts, would bring them like water running into 
the fires in a few hours. Yet in working iron retorts 
in perfect snfety, it is possible to get an efficiency of 
140 cubic feet per square foot of heating surface out of 
them, a result much above the average of clay retorts. 
The apparent temperature applied to the coal is less 
with iron than with clay. Yet the effective temper¬ 
ature in distilling coal can be at least as great ns is 
custoniary with the latter. Any determination of the 
practical or effective temperature of retorts by pyro¬ 
meter at the end of a charge, or by the colour or 
appearance of the retort, is likely to prove illusory, 
for it is easy to get up a good appearance in them by 
undercharging. The best test to my miml is the 
amount of work they will perform in distilling coal 
expressed by the quantity of gas produced per super¬ 
ficial foot of heating surface per 24 hours. 

I have found that with the small iron retort abetter 
result is always obtained than with the large experi¬ 
mental works, but the difference varies with the kind 
of coal. With the very finest coking coals the differ¬ 
ence is very small, and ns the coking quality of the 
coal decreases, so the difference between tlio two 
methods of testing increases. Witli coiils (not 
canncls) which scarcely intumcscoatall the difference 
becomes very high. 

Canuels also vary in the same manner, the 
difference in the results being always connected with 
dilferenccs in the qualities of tlio residues of distilla¬ 
tion or cokes. This point is illustrated in the 
following table.-— 



Clay Retort. 

I Ron Kf.tuut. 



Cubic ft. 
l*cr ton. 

Cumllcfl 
, iK. - r tun. 

Cubic ft. 
jnir tun. 

Cm ul lei 
tier ton. 

cncu jut 
cent. 

Average of 12 Derby¬ 
shire and Yorkslilru 
Coking Coals. 

10,110 

33,000 

11,010 

30.000 

i) 

Average of 5 Derby¬ 
shire and Notting¬ 
hamshire Non-Cok- 
' ing Coals... 

9,100 

! 

; 27,330 

10.130 

33,820 

23 

Averago of 11 Cannols 
from vurlous ills- 
trials . 

... 1 

9,OllO 

12,300 

10.030 

19,850 

18 


I have stated the volume of gas produced per ton, 
so that in regarding the abovo figures, allowance can 
bo made for difference naturally duo to temperature, 
as measured by yield of volume, 
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Since the gas from the iron retort was not scrub¬ 
bed, a deduction of about 3 per cent, should be made 
from the results of the small apparatus, to compensate 
for the slight loss of illuminating power suffered by 
the gas of the large experimental works in the wash¬ 
ing process. When this allowance for washing is 
made there is really, littlo difference between the 
two methods of testing in the case of caking coals, 
but the difference is quite irreconcilable with some 
coals. There are two cannels of a shalcy character 
included in tho above average of 14 cannels, which 
give differences of 22 per cent, and 31 per cent, res¬ 
pectively ; and it is remarkable that these two 
materials yield residues on distillation hopelessly 
valueless as fuel, being little else than an earthy ash. 
Tho one which gives a difference of 31 per cent, was 
introduced to me with a splendid analysis made pro¬ 
bably in an iron retort. On submitting the coal to 
test, it was found to be of very little value when 
carbonised in clay rotorts, though it tested fairly well 
in tho small iron vessel. It is known that the weight 
of the fixed residue of distillation in proximate 
analysis is dependent on the manner, degree, or extent 
of heating, and I have shown above that tho amount 
of valuable gaseous products obtained from a coal 
will vary with the manner and extent of heating; and 
further, that the nature of the bnso or fixed residue 
of distillation has an important influence on the 
behaviour of coal submitted either to rapid or to 
slower distillation. It is within my experience as a 
gas-maker that with the same coal the character and 
appearance of the coke produced in gas manufacture 
is largely affected by tho method employed in carbon¬ 
ising it. I have in my mind a class of coal the 
smudge from which produces the finest furnace coke 
(when coked in beehive ovens) in the world, and which 
is regarded by gas-makers as a splendid gas coke pro¬ 
ducing coal.. This coal, if carbonised in clay retorts, 
working oil 2cwt. charges in 3 hours, and affording 
about 115 cubic feet of gas per 24 hours per square 
foot of heating surface, gives a lino large metallic 
looking coke of hard steely appearance. If the retorts 
are worked at a higher average temperature, so as to 
burn off the 2cwt. charge in 4 hours, and to produce 
about 140 cubic feet of gas per square foot of heating 
surface, tho coal will give a coko of inferior appear¬ 
ance to the other, being smaller and less metallic in 
appearance, with many black pieces. If carbonised in 
iron retorts carbonising ljewts. in 5 hours, and giving 
140 cubic feet of gas per square foot of heating sur¬ 
face, the coko is small, black, and of appearance much 
inferior to tho others. 

Enough has been said to show that tho results given 
by tho small iron retort in common uso for testing gas- 
coals cannot be accepted as authoritative in these days, 
when only clay retorts arc used in largo works;and it 
must bo in tho experience of all gas manufacturers 
that many coals do not justify in practice the values 
assigned to them by analysts, who uso what is called 
tho laboratory analysis. It will bo interesting also to 
know how far the results obtained in our gas works 
agree with the values assigned to the various coals we 
use by tho experimental works in which they aro alt 
tested. I liavo carefully compared for a long period 
the actual working results of our daily manufacture 
with tho theoretical average valuo of tho mixture of 
coals and cannel wo. omploy, calculated from tho 
values of tho respective coals as determined in tho 
experimental works in their various proportions, and 
I find that wo exceed in pructieo tho theoretical field 
so calculated by 3 per cont. This amount is not large, 
but it is constant, ranging from about 2 to 4 per cent.; 
and is further, I belie vo, boyond tho rango of experi¬ 
mental error, This slight improvement is no doubt 
duo to the admixture of low and high power gases, 


obtained from a 70 per cent, of coking; coal, and 30 per 
cent, cannel coal before condensation commences, 
with the result that the low power gas carries forward 
somo of the hydrocarbons of the cannel gas that would 
otherwise be condensed and removed from the gas by 
tho tar. I may say that our station meters have been 
compared and standardised by the samo standard 
meter used for standardising tho experimental works 
station meter, and that the illuminating power used 
in calculating the candles per ton we obtain in our 
manufacture is the average of our official tests mndo 
in the centre of the town. 

It is unfortunate that we have no proper classifica¬ 
tion of all the various kinds of coal which nature has 
produced. Such terms as caking splint coal, cherry 
coal, peacock coal, cannel coal, slate coal, leaf coal, 
coarse bitiinicnons, semibitumenous, are not suffici¬ 
ently explicit. The Germans, I think, have a better, 
but even theirs I find wanting, as it is customary to 
classify a non-homogeneous coal, consisting of many 
varieties, under one namo that may express its few 
united qualities more or less perfectly, but not satis¬ 
factorily. A piece of coal I have selected for your 
inspection contains at least three widely' different 
kinds, first you will see layers of vegetable charcoal, 
then a material very like pitch, and finally cannel 
coal. The part forest fires may have played in tho 
formation of these qualities has not received attention. 
It is difficult to examine this coal without imagining 
that it is the final result of charred wood fibre. The 
pitch having been a distillation product, and tho 
cannel coal which occurs in a basin or huge pond, 
being an earthy base permeated with tarry distilla¬ 
tion matters, and deposited in a liquid form. It is 
very common to find these three sorts of coal in con¬ 
tiguous layers, and yet the coal may be classed as 
caking coal. The Germans 1 think, have given tho 
names Russkohle and l’eclikohle to the two first- 
mentioned varieties, but it is difficult, of course, to 
know always what German writers understand by tho 
numerous titles they liavo for different sorts of coal. 
A complete classification and examination of our 
various British coals is wanting, and we have, I am 
sorry to say, no work similar to the extensive work 
of JJrs. Gcinitz, Fleck, and llartig, on the coal of 
Germany. I fear we arc accustomed to leave too 
much to individual effort. 

Estimation, of Sulphuretted Hydrogen and Cur- 
hmie Acid in Crude Coitl-Gus.—k'or many reasons I 
prefer, for tho estimation of hydrogen sulphide and 
carbonic anhydride in impuro coal-gus, a method 
founded upon tho increase in weight of absorption 
tubes ; a method which will admit of the uso of a 
tolerably large quantity of gas collected regularly 
during an interval of time sufficiently long to afford 
an idea of tho average composition of tho gas supply 
to bn tested. 

I liavo adopted as tho reagent for absorption of hy- 
drogon sulphido in absorption-tubes, a cupric phos¬ 
phate, which is an impuro di-, tri-, ortho-phosphate. 

Tho cupric phosphate for use in absorption-tubes 
is prepared somewhat in tho following manner:— 

Solutions of— 

2lb. hydrogen disodjuin phosphato in 1 gallon of 
water, and 

2llb. cupric sulphate crystals in l£ gallons of water, 
are "mixed with vigorous stirring, and tho resulting 
bright blue precipitate washed by decantation and 
then dried in a water-bath to about 100“. The 
material sometimes is light and powdery, sometimes 
hard, and tlion requires crushing in a mortar. Its 
action with hydrogen sulphido is very sharp indeed. 

Tho U-tubes used in tfieso experiments are prefer¬ 
ably of tho now form with hollow glass round 
stoppers, serving as stopcocks, tho inlet and outlet 
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connections being smnll pieces of gloss tubing fused 
into the sides or the tubes. A small hole in the 
stopper corresponding to tho hole in tho side of tho 
tube, wliero the small glass tubing is fused on, makes 
the connection. A small turn of the stoppers closes 
or opens tho tube. Tho tubes are weighed charged 
with clean coal-gas, which on the same gas supply, 
varies but little in specific gravity. 

The stoppers are lubricated with resin cerate, and 
with this exception are perfectly clean. A smnll plug 
of cotton-wool in each stopper prevents the mechani¬ 
cal carriage of fine proportions of the reagents by 
issuing gases. Under these circumstances, i find 
that closed tubes charged with coal-gas sull'er no ap¬ 
preciable variations in weight during a period of two 
days. These tubes are very useful indeed, and are 
fur superior to the old form with corks. 

I find that absorption-tubes charged with cupric 
phosphate gain in weight under the action of clean 
coal-gas ; but the increase of weight soon reaches a 
limit, and the phosphate becomes “saturated,” and to 
attain this saturation 3 cubic feet of clean dry coal- 
gas should be slowly passed through the tubes. 

The pliosplmte tubas are charged in the following 
manner. The tubes arc cleaned and dried, great 
attention being paid to the ground portioiis of the 
tubes and stoppers. A plug of cotton-wool is placed 
in the bend of the TT-tiibe. Then one leg of the tube 
is charged with the cupric phosphate in a suitable 
state of subdivision, care being taken that the 
rough and fine portions of tho powder are regularly 
distributed, for if all the rough portions are on one 
side mid the line on the other, a passage of the gas 
down the side where the coarso portions are takes 
place, and the finer portions never come into action. 
The other leg is charged with powdered calcium 
chloride. The ground portions of the tubas are wiped 
free from dust, and the stoppers, fitted with plugs of 
dry cotton-wool in the hollow places, are lubricated 
with a little resin cerate, and put in position. A cur¬ 
rent of dry gas-coal to the extent of 3 cubic feet is 
passed through, and the tubes are ready for weighing. 
A 0-inch TJ-tube charged in this manner will lie cap¬ 
able of absorbing 20 grains of hydrogen sulphide, and 
if in the case of gas containing 10grains of hydrogen 
sulphide per cubic foot, the experiments bo made 
upon quantities of half a cubic foot, each will there¬ 
fore serve for four analyses without being recharged. 
The calcium chlori.de will serve much longer. 

The soda-lime tube for carbonic anhydride absorp¬ 
tion is charged in the same manner, one half full of 
soda-lime, and one half of calcium chloride. I have 
found it necessary to use the soda-lime in a moist 
condition, for, when quite dry, soda-lime has a much 
feebler absorptive power for carbonic anhydride. 

The requisite degree of moistnass is attained by 
exposing it to a moist atmosphere for 12 to 18 hours. 
There are no inconveniences attending soda-lime in 
this condition. These soda-lime tubes remain very 
constant in weight when clean pure coal-gas is passed 
through them, and therefore do not rcquiro saturat¬ 
ing in the same manner as the phosphate tubes : a 
small quantity of dry pure coal-gas should, however, 
bo passed through to expel air, previous to their being 
weighed. 

A (i-inch tube, charged with soda-limo in the man¬ 
ner above described, serves for three analyses of half 
a cubic foot each on gas containing 10 to 12 grains 
carbonic anhydrido per cubic foot. 

In eases where ammonia also exists in tho coal-gas 
to bo nnalysed for hydrogen sulphide and carbonic 
anhydride, it will bo necessary to effect its removal 
before tho coal-gas reaches tho weighing tubes. That 
calcium chlorido ollectunlly removes ammonia from 
coal-gas I havo frequently had occasion to notico, 


and Dibbits ( Zeits. fiir Annlyt. Ghem., 15, .1870, 124) 
has made the same remark. But to maintain the 
neutrality of the calcium chloride I remove the am¬ 
monia from tho coal-gas before drying, and for this 
purpose pass the gas through a 12-jnch U-tubo filled 
with broken pumice saturated with syrupy phos¬ 
phoric acid. 

In the drawing off of samples of coal-gas for analy¬ 
sis, certain precautions are indispensable, since vul¬ 
canised and iron tubing when new remove hydrogen 
sulphide from crude coal-gas, so that it is necessary 
to have the services conducting the coal-gas from the 
source to bo tested to the absorption-tubes as short 
as possible, and saturated by previous uso with 
crude coal-gas. It is further of importance to keep a 
tolerably quick current of gas through the iron pipe, 
in order to prevent the gas from getting “ stale.” 

The iron service should bo fitted with a four-way 
piece and three cocks. One serves to take the gas to 
the train of apparatus ; another to bo left opon dur¬ 
ing the analysis, blowing gas away, nnd thus main¬ 
taining a rapid current in tho iron pipe ; tho third 
cock can be used for other purposes, such ns exami¬ 
nation of the gas for ammonia, itc. Before making 
an analysis it is necessnry to blow a little gas away 
in order to clear stalo gas out of tho iron service pipe, 
and to bring a fresh supply along. 

The complete apparatus for the estimation of 
hydrogen sulphido in coal-gas can now be described. 

Tho first piece in the tram is the syrupy phosphoric 
acid tube, which can however be dispensed with in 
cases where tho gas has been thoroughly washed freo 
from ammonia. This tube is directly connected with 
the cock on the iron pipe by means of a small piece 
of “ saturated ” vulcanised tubing. Tho outlet of this 
tube is connected to a largo drying cylinder filled 
with small pieces of calcium chloride free from nlka- 
linity. The outlet of this drying cylinder is a 
T-piece, which carries on one arm a small piece of 
vulcanised tubing and screw-clamp for the purposo 
of blowing a little gas away before and during each 
experiment. Tho other arm of the T-piece is con¬ 
nected to tho inlet of tho cupric pho.sphnto tube, 
which in its turn is connected with the soda-lime 
tube, nnd a gas meter connected to the outlet of tho 
sodn-liine tube completes the apparatus. The meter 
most suitable for tho purpose is the test-meter, ns 
used by the gas referees for tho “sulphur” test, ft 
it advisable to bring the pointer up to within a 
division or so of the zero by means of tho key, nnd 
then to blow through until tho pointer exactly covers 
the mark. Any error due to slackness in the gearing 
of index is thus avoided. Before starting an experi¬ 
ment, gas should bo blown away at tho outlet of.tho 
drying cylinder, ns well ns at the cock on the iron 
service. 

When tho tubes havo been weighed full of clean 
coal-gas, and all the pieces of the train properly 
joined together, tho stopcocks arc turned on, and the 
gas allowed to traverse tho apparatus at a moderate 
rate, which is often more dependent on the pressure 
of the gas than the will ot tho operator. From n 
quarter to one half a cubic foot per hour is a con¬ 
venient rate, nnd one well within tho limits at which 
tho complete action of tho reagents is obtained. 

Tho quantity of gas used for each experiment is a 
matter of choice, and will bo determined by tho 
quantity of impurity in the coal-gas under analysis. 
When tlie required quantity of gas has passed through 
tho tubes, tho inlot stopper of tho phosphate tubo 
and the outlet stopper of tho soda-limo tube are 
turned off, and the two tubes are taken off together, 
and connected in their proper ordor to a supply of 
dosiccnted clean gas, in order to drivo tho gas in tho 
phosphate tubo through tho soda-limo tubo. Tho 
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stopper can then bo turned off and tho tubes weighed. 
Of course, before weighing theso tubes, they must bo 
wiped perfectly clean and dry ; but as this operation 
causes them to be a little light, they should be left 
for about live or ten minutes in tho balance ease 
before being weighed. The results corrected for 
temperature, Ac., are host calculated to a cubic foot 
of clean coal-gas at 00° F. and 30in. barometer. 

Sinco washed but otherwise unpurified conl-gns 
contains about'Ggrain per cubic foot of cyanogen, the 
results obtained by tliis method are slightly high. 
The absorption of cyanogen in the cupric sulphide is 
not complete, about one half going forward into tho 
soda-limo tube. Tho error falls equally on each tube. 

Cffanaaen. —This body is estimated by passing a 
measured quantity of gas free from ammonia, but 
otherwise unpurified, through a U-tubc filled with 
soda-lime, and then making a combustion of tho 
residue as in an ordinary nitrogen determination. 


INTERNATIONAL INVENTIONS EXHIBI¬ 
TION, LONDON. 


ADDENDUM TO IiEPOItT 0\ T THE KXITIMTS HE- 
LATJ.Xa TO TUli CHEMICAL LXJJUUTJHEIS. 

BY WATSON SMITH, 

Lecturer in Chemical Teclinolouu in the Victoria University, 
Manchester, etc, 

* J. C. A J. Field, London ( Group XL iVo. 1102). 

Beeswax. —Specimens were shown of the wax, nir- 
blcachcd and bleached by the potassium bichromate 
method. The latter process, whilst giving the whiter 
product, yields a crystalline wax less suitable for 
burning than for the uso of druggists. 

Samples of church candles and carriago lights 
made from tho wax were shown, and it is stated that 
Messrs, J. C. & J. Field made wax candles in 1080. 

Spermaceti. —This is purified from the “head- 
matter” and crude oil by “bagging,”or a process of 
filtration in which the weight of tho substance is 
made available. About ten per cent, is recovered. 
Melting-point, ‘13° to -If” 0. 

This material is used for high-class candles, 
popular on account of the absence of tho tendency 
to bend when placed in a warm atmosphere. Speci¬ 
mens of standard sperm gas-caudles were shown, 
burning 120 grains per hour. 

I am informed that Messrs. J. C. & J. Field 
made the first sperm candles in 1700, and that over 
220 tons of wax and spermaceti aro now manufac¬ 
tured per annum by the firm, about -100 tons of wax 
and sperm candles being employed in England and 
Ireland alone. 

Stearin .—Specimens were shown prepared both by 
tho “autoclave” process and by limo saponification. 
The product of the latter process shows tho highest 
melting-point—viz., 00° C., anil is better adapted for 
working up inferior greases. 

Tho original candles from Milly et Cie., “ Jiottuies 
de I'JCtuile" imported by J. C. A J. Field in 1830, 
were exhibited. 

Paraffin. —Tho cruder material is refined by treat¬ 
ment with naphtha, and by the “banding" process— 
i.c., passing through cogged wheels in au alkalino 
solution, which emulsifies tho coarser oils. Melting- 
point of tho refined product is about 01“ C. J. U, 
A J. Field state that they were tho first to make 
paraffin candles, and that they originally contracted 

' OnillU'il oa jmtio 003, through Information urrlvlng too 
luto fur arena. 


with the Irish Peat Company and Young’s Paraffin 
Company for the sole supply of their produce. 

Ozokerite. —Introduced by F. Field, F.R.S., in 
1872. Tho crude product from Cfallicia is treated 
with superheated steam, when a purer paraffin distils 
over. The distillates obtained arc— 

(i.) A gaseous hydrocarbon, to the extent of about 
five per cent. 

(ii.) A volatile naphtha. (About three per cent.). 

(iii.) A “vaseline" product called “Ozokerine.” 
(About six per cent.). 

(iv.) A soft paraffin. (About twelve per cent. 
Melting-point -1-1 It° to <1G° C.). 

(v.) A white paraffin (Ozokerite), with a melting- 
point of Gl° C. 

(vi.) A black waxy residual melting at 77° C. 

Tho gas nnd naphtha are said to be useless. The 
ozokcrino has a salo amongst chemists and hair¬ 
dressers and in the hospitals, as a basis for pomades 
and unguents. It is also imported to Franco (Grasse) 
as a substitute for lard in “ enjleura<je.” Tho soft 
paraffin is employed in the manufacture of cheap 
candies, retailing at Id. and Id. This employment 
gave rise - to tho use of paraffin scale for that 
purpose, which has resulted in the death-blow to the 
tallow and composite candle trade. 

The White BarajUn, Ozokerite proper, is employed 
for making the well-known ozokerite candles, which, 
it is stated, melt not only about, six degrees (Centi¬ 
grade) higher than any other paraffin or stearin 
candle, but bend at a much higher temperature. 
The flame of the candles is small and very brilliant. 
It is stilted that equal candles of ozokerite and sperm 
give lights differing in the ratio of 10 : 7. 

The Black Parajffn is largely used by electrical 
engineers as an insulator. Matthiessen found that it 
gave moro complete insulation and possessed less 
induction capacity than nny other known substance. 

F. Field lias patented an clnstic compound of this 
wax with indiarubber, which lias been adopted to 
some extent in the manufacture of cables. 

Ornamental Gandies .—Of these a large number is 
exhibited. Messrs. Field stato that they patented 
every description of ornamental candle now made. 
Tho cable candles they still make with the lathe, 
having abandoned tho machine, as giving results 
good, it is true, as regards nunntity, but not.equal ns 
regards quality to tho lathe candles. It is stated 
that by the use of the latlio patented by Messrs. 
Field, eighteen varieties nnd sizes can bo turned out, 
ornamented with vertical and spiral stripes and six 
different cable patterns. To do this otherwise would 
require a corresponding number of machines, nnd 
certain varieties of the ornamental candles referred 
to cannot bo made by any other than tho latlio 
method. 

Self-jilting Buds .—Of theso Messrs. Field stato 
that they were the original patentees, and for four¬ 
teen years have been tho solo manufacturers. They 
still retain tho original form—namely, with brontl 
obtuse angled flutes, stating that ends shaped thus, 
by spreading out, perpetually resist tho pressure, 
being lixeu in their receptacles after tho manner of 
wedges. Tho firm has, moreover, patented a very 
simple “wedge-end,” which has tho advantage of 
being mado all in one picco like an ordinary caudle. 

Aerated Candles .—Tho patent for theso was taken 
up in 1870 from M. Urbaiu. At tho Exhibition the 
candles were made in n French machine, which for 
simplicity nnd efficiency appears superior to tho 
English specimens. Tho rods which produce tho 
perforations in tho bodies of the candles are so con¬ 
structed as not to crack tho sides when withdrawn. 

D 
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Candle Machinery .—Besides the machine last 
referred to, Messrs. Field exhibit a new patent 
machine for making tko self-fitting ends. In the old 
method the caps that moulded the conical butts arc 
■withdrawn simply by hand, and replaced in the same 
manner, entailing a great deal of labour and sacri¬ 
ficing a considerable quantity of wick. In Field’s j 
machine a lever separates the coned moulds, thus 
allowing the candlo to be wound out in the ordinary 
way. The time taken in liberating one set of can¬ 
dles and filling another is five minutes, in the old 
machine from twenty to thirty. 

.S' oa/i $.—From the oleic acid obtained from the 
autoclave and saponification processes, J. C. it J. 
Field manufacture a brand of soap known as the 
“ Pure Oil Soap,” much used by dyers, etc. Their 
speciality in toilet soaps is tho newly-patented 
“ Samphire Soan,” which is saponified by the use of 
iodised potash obtained from the ashes of seaweed, 
and palm and olein oils. The resulting soap is sub¬ 
sequently milled, after completely expelling every 
trace of water, and is de-alkalised by the introduc¬ 
tion of salicylate of ammonium. 


journal ant) patent Literature. 


I,—GENERAL PLANT, APPARATUS, AND 
MACHINERY. 

An Improved Substance for Lining or Covering Steam 
Potters, l’incs, and other olyccts. 11. J. Allison, 
London. From Messrs. Soidius, Dohlmaim & Com¬ 
pany, Copenhagen, Denmark. Fug. l'at. -1343, April 
S, 1SS5. 

Sawdust, chopped straw, cork, liark or other similar 
light substances are mixed with soluble glass and chalk or 
lime, in a pulverised state. The mixture thus obtained— 
formed into pieces adapted to the article it is intended to 
cover—is thoroughly impregnated with a boiling solution 
of calcium, magnesium or barium chloride or sulphate of 
alumina, and after washing in boiling water to free it 
from soluble stilts, the substance, which is now incom¬ 
bustible, is ready for use.—A. W. 


Improvements in Filters. E. M. Knight, Liverpool. 

Eng. Pat. 12.2S7, September 11, 1SS1. 

A cylindrical vessel is formed with a'concentric per¬ 
forated cone ; this is covered with asbestos cloth, and the 
annular space filled with charcoal, holddown by a per¬ 
forated cover, through which the water to be purified is 
admitted to the charcoal filtering bed. The whole is sus¬ 
pended in aporcelain vessel of the usual shape.—C. C. 11. 


Improvements in Filters. P. A. Maignen, London. Eng. 

Pat. 13,315, Octobers, 18S1. 

Till-: conical or V-shaped filtering frames, such as hither¬ 
to used by the patentee, are made so that the lower part 
forms a wedge joint with the sido of the vessel in which 
they are placed.—C. C. 11. 


Improvements in Filters. C. E. Gittinn, Loudon. Em' 
Pal. 1-1,0 It), October 22, 1SSI. ° 

J lit. filter consists of a series of chambers formed from 
perforated plates and distance frames. These are arranged 
alternately as simply and discharge chambers, com- 
mtimoaling with closed inlet and millet conduits, us in a 
filter press. Thu platen are covered with asbestos nr 
other cloth, and the interior of the chambers tilled wilh 
charcoal. The whole apparatus is provided wilh a nozzle 
bo as to bo attached to the tap of a water supply, 

—(J. C. II. 


II—FUEL, GAS, AND LIGHT. 

The Influence of Water on the Combustion if Carbon 
Monoxide, and the Occurrence of Hydrogen Peroxide 
in this Combustion. M. Traube. Her. 18, JS90. 
Dixon lias shown (II. A. Pep. 1SS0, 503; Chun. A lavs, 
-1G, 151; Phil Trans. 1SS4, G17) that a perfectly dry mix¬ 
ture of carbon monoxide and oxygen cannot he caused 
to explode either by incandescent platinum wires, or the 
continued passage of sparks from a ltuhmkorirs coil. 
The author has found, in confirmation of this result, that 
carbon monoxide already burning, is extinguished in a 
dry atmosphere. The author considers the influence of 
the water to be represented by the following equations : 

(1) CO + 2011 II + 0-'=C0(0I!)..+ HA 

(2) 1I..O J + CO = CO(OII), 

(3) 2CO(01!).=2C0 a +21i-0. 


That hydrogen peroxide is produced in the combustion of 
carbon monoxide, is shown by bringing the llamc of the 
gas into contact with water, and then showing the 
presence of the peroxide in the water by the usual tests. 


The Production of Hydrogen Peroxide in the Combustion 
of Hydrogen. M. Traube. Bcr. 18, 180-1. 

Tiie author failed to prevent the explosion of mixtures 
of oxygen (of air) and hydrogen by (lie electric spark, by 
having the mixture as dry as be could-possibly make it, 
thus confirming Dixon’s results, lie confirms (Schuller 
(ll'iatcm. Ann. Chcm. Pharm. (1SS2) 15,2811) that hydro¬ 
gen peroxide is produced by burning hydrogen in air, 
and finds by allowing the burning jet to impinge on the 
surface of water, that lOOcc. of water can take up as 
much as 200mgrm. of the peroxide of hydrogen, figures 
indicating wlmt seems to be the maximum concentration 
obtainable. The greatest amount of hydrogen peroxide 
produced from the combustion of 1 litre of hydrogen, was 
0 0113grm. The size and shape of the jet at which the 
gas was burnt, tlic pressure, and tho amount of air or 
oxygen, if any, mixed with the gas before burning, all 
exerted a perceptible iiillucnce on the amount of hydrogen 
peroxide produced.—F. L. T. 


In/lucncc of some Metals on a Mixture of Acetylene and 
Air. F. Bellamy. Coinpt. Bend. 100. 1-IGO—1-IGl. 
THE gases are mixed in a glass apparatus resembling a 
Bunsen’s burner. If n platinum or silver wire, scarcely 
red-hot, fie held in the mixture, it causes u detona¬ 
tion, but becomes only seldom, and then transiently and 
partially, white-hot; on the other hand a red glowing 
copper wire becomes, in a few seconds, white-hot, and 
then generally produces mi explosion. Iron gives rise 
to the same phenomena, but with greater dilliculty. 

-F. I,. T. 


Combustion in Dried Gases. II. B. Baker. J. Chcm. 

Soc. 1SS5, 341). 

As If. B. Dixon has shown (Chcm. Hews, 46, 151; and 
Phil. Trans. ISS-f, 017) that a dry mixture of oxygon and 
carbon monoxide cannot be caused to explode by the elec¬ 
tric spark, the author bus investigated whether moisture 
is necessary in the combustion of the elements. Amor¬ 
phous phosphorus, that bad been washed with water and 
dried m a current of carbon dioxide at 100", and 
afterwards in a vacuum at ISO’, or wood charcoal 
that laid been heated to bright redness in u current 
of chlorine, were sealed up with oxygen in dilli- 
cnltly-fnsible glass tubes, some of which were slightly 
bout, and held phosphorus pentoxide in one limb. After 
about a week the phosphorus and charcoal were heated, 
but no ignition took place, whilst the same substances 
placed in similar tubes with moist oxygen, burntiis usmil. 
Similar experiments with charcoal, in which the tubes 
were raised to redness, showed Hint, in the dry tubes, 
about half the oxygen rumaiiicd nnoombined ; whereas, 
in tho moist tubes, no trace of freo oxygen was present, 
hi tho dry tubes visible combust ion never occurred. 
These experiments, and some others where the charcoal 






